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® BEPCII and BESIII

® Overview of Z, analyses @ BESIII
® The observation of Z,.,(3985)" @ BESII|I PRL 126, 102001 (2021)

® Recent Z. analyses @ BESIII
> Study of the process ete™ - w97/ /3 and neutral charmoniumlike state Z.(3900)°.  PRD 102, 012009 (2020)

> Search for a Z,. state close to the DD threshold decaying to n.m at /s = 4.23 GeV. PRD 103, 032006 (2021)

> Search for the reaction e*e™ — y.;m"m~ and a charmoniumlike structure decaying

to . between 4.18 and 4.6 GeV. PRD 103, 052010 (2021)

® Summary
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The XYZ states Z.and Z.; @ BESIII

v iad700) Charmonium spectrum
ll00) ¥ (4685)
" 2016 3071 X(4630) (1) ) ) )
. 2021 » Many charmonium and charmonium -(like) states are observed.
w0 "$o%6. ) ey - : :
L » A series of theoretical models for XY Z states:
ﬁgly 5005 V300 P 3p 1G X350
mg?z?sg} ® = 011 2010 <2014 2021
%3%3%) 20 X1-|(4274F 2D 2D 2008 R.0(4240)  7,,(4220)
0 W(4160) Xijé%m ){%1600]). g 12(2(4(1)2][-)2)1 Tetraq Uark M
| F201gxdion-20% _— o~ eson
38 4(4040) ) 2015t DD
e, T ————— 299_8_{(5?5_01_‘.5_({0_55)__ Z.,(3985)" | molecule
np ) S —— 2P 2007 kg0 02072014 SRR P—
S Llopw = 0872) 450090 o Z;%’: 2020 e“
= T T %) 2003 20067 —— ——="72005 "201377"7" @
- B 131_3?70 x‘i)gi%fn h(823) 1.5123(3842) ;, . J\
2 LD e 2013  “TTCC . { |
(28) \ J
28 /
xealiP) o e s
he(1P) Ye1(IP) X(3915) ot 0FF or 2t
3500 X(3940,4160) 77 777
X(4350) ot 77+
Xeo(IP) z* 1+ 1=
R 1+ 0
X(Limzn. 4055)% 1t 7=
X (4050, 4250)F 1~ 7+
— Gochey Tt Qe e ® Joint efforts from both theories and experiments are
3000 _pg(lS) discovered after 2003 1
| needed to understand the nature of the XY Z states.
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Charmonium(-like) structuresl

[1] From Fengkun’s talk on the XYZ Workshop in China
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BEPCII and BESII|

Sub-system Performance
Oxy = 130 pm
MDC AP/P = 0.5% @ 1GeV
OdE/dx = 6%
TOE ot = 68 ps (barrel)
iz, 60 ps (endcaps)
{ AE/NE = 2.5% @ 1GeV
EMC o, = 0.5cm @ 1GeV
Magnet 1.0 Tesla
BEPCII BESIII MUC 09X 4n
XYZ scan
41792}12_?0 4630-4700 - .
P ——— ® Datasets in BESIII (~13 years):
10 ¥(25) 4040 Vareo 4420 ] ] ]
B vl | v PP e ‘§33r;‘??° e F > The worldwide largest e*e™ datasets in 7-charm region
® Mark-1I Vs 1
o ® PLUTO |45, 109 Y .
N omase B . / > 46 datasets with /s > 3.8 GeV, Y L; = 21.9fb~!
| = BLS L'” A I‘ | 1 " H . .
s 3uy U £ ,.,4 W il > 29 energy points with L; > 0.4 fb™*
2 E::?’ik:t b 'écan 13fb 1 (130 pomts) b =

4.5

— 5 [GeV]

® L_arge datasets for XY Z analyses!
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Overview of Z, analyses @ BESIII

Z.and Z.; @ BESIII

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

120f

230 GeV, 1

100F

» The ~4 fb~! data with /s from % i ] B
. = sl HE s S
4.23 1o 4.42 GeV collected in 3 i S
@ 40f | LI ' e E
2013 and 2014 years. e A 5
0==37 3.8 3.9 4.0 : ;7 i L $95 400 405 400 4d5 430 425 39 395 4 405 41 415 4
Moot iy) (GeVic?) N T M o) My (GeVIE) M (GeVieh)
ete > mwt]/P ete” - n'n'J /)y ete” >m mwth, ete” - n°nOh,
Z.(3885)" Z.(3885)° Z.(4025)* Z.(4025)°
%T{.Ppiélgg’gggggé ((2?811:)) PRL 115, 222002 (2015) PRL 112, 132001 (2014) PRL 115, 182002 (2015)
v Observation of the ¥ T | S | o | omee v
. . @ 70 S 60 —-Z,(4025) g
charmonium-like Z,. and Z;. = o0 . ettt B £
states in both open charm and 2 §§ ; 3 t o
[ L §zo ; i
hidden charm final states! T ) = : ]
3.85 3.90 3.85 t_l.OO 4.05 42.10 4.1t E e P L ?’95 02 204 406 408 o o o e X
M(D"D*) (GeV/c?) ““’_““‘V""‘ RM(r) (GeV/c?) RM(x0)(GeVic?)
ete — Tl'_(Dl_)*)+ ete” - Tl'O(D*D)+ ete - n.—(D*l_)*)+ ete - TL'O(D*I_)*)O

> The ~13 fb~1 data with +/s from 4.13 to 4.70 GeV collected in 2016 ~ 2020.

. .
v Understanding the nature of the exotic Z states && Potential SU(3) counter-part Z ., state?
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The observation of Z ., state
@ BESIII
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The observation of Z_.,(3985)" at BESII|I

Z.and Z.; @ BESIII

PRL 126, 102001 (2021
® ete" > K'Z_, > Kt (D;D*° + D:~D?) D)
> BESIII collected ~3.7 fb-! datasets with /s from 4.626 to 4.7 GeV in 2020. ~ D0
» Allow to search for the Z cus) state.
cs (ccus) /’@\ D:
> Search for charged Z, state in the open charm D; D*® and D:~D° final states. —  —
N—
® Partial reconstruction method: Tag the D and bachelor K*. i

® \WVrongsign: Dy K~ combinations to model the combinatorial backgrounds. ete” » K*D;D*°
® RM(K*Dy) spectrum is selected to distinguish the signal process.

220 LA L L L LI L L L L | 0
o o T L W0E—7Z500° 5= 4681 GeV FA
§ 2000 :_ (a) E =4.681 GeV -S 600 F (b) E = 4.681 GeV § 180 F----- zcs—) D*sD —4+— Data @ n-O(-y)
> ; ' | Data 2 | W, {Data 2 160E— kepp® t — Fitresut P N e ”
= 1500 ' _signalmc| = 400k . 4 —Signal MC = 140F_ . kpip° I WS Data R N
8 ; (&) Phigpe be g oy tH < 120 — Dy
% o00f ® A T AT ot 100 i
> 3 B - U e >
E [ ™ E 200 __ E 80 "
& 500F s | 5 60 K
> ! = >
L 0 : L ol . m 40
. . . 20
1.9 195 2 2.05 1.9 1.95 . 2 . 2.05 ete— — K*D*—D°
M(K'KT) (GeV/cd) M(KK) (GeVic) 1.95 2 2.05 2.1 S
D- > K*K-1- D- - K°K- RM(K*D)+M(D)-m(D)) (GeV/c?)
S S S
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The observation of Z_.,(3985)" at BESII|I

® ete” > K'Z., > K*(D;D*° + D: D"

Z.and Z.; @ BESIII

PRL 126, 102001 (2021)

L fecsmay o 1 “5Zaee Ge —+— Data
> Astructure near the threshold of D; D*? and 2,0 ~D.D, ey
D:~ D" is found to be peaked at the left side of % of 3 - D* (2600)°D*
RM(K™) spectrum, and cannot be described by 2 o < o} s v
ok -10% - ' comb.
D, decays. N RN S OTNUGs a1 415 L comb-Bie
eV/c ) 0
< . s = 4.628 GeV - (s =4.641 GeV
> Simultaneous fit is performed to the all the datasets with /s > 4.626 GeV. £ | ® m (C) *
> [ [
- - - - e i i [R47OININ
v' The mass and width are measured to be (with J© = 1% Breit-Wigner): °r] + Wingnirer
0 4 4.05 4.1 4 4.05 4.1
m(Z.;(3985)") = (3985.2753 + 1.7) MeV/c? Fs=4861GeV | (5=4.608 GeV
oL B
r(z.(3985)") = (13.8*%3 + 4.9) MeV 0 } FUTT IH
5 -l
0 4 4.1 4 4.05 4.1 4.15

v" The significance is 5. 3¢ after consider the look elsewhere effect. RM(K*) (GeV/cd)

® First observation of the open-strange hidden-charm tetraquark candidates.
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The observation of Z_.,(3985)" at BESII|I

® ete” > K'Z., > K*(D;D*° + D: D"
» Compare with Z,.(3885)".

Z.and Z.; @ BESIII
PRL 126, 102001 (2021)
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Events / 0.01 GeV/c?
n [+1]

(=] Q
T

Events / 4 MeV/c?
n B [=:] [+ 3
k=] o o (=]

Z,..(3985)" Z.(3885)"

Mass (MeV/c?) 3985.2%23 + 1.7 38839+ 1.5+ 4.2 e e TN
Width (MeV) 13.8%81 + 4.9 248+33+11.0 Z.(3885)" - (D~D** + D*~ DY) Z.(3900)" > J/Y
D°D{; (MeV/c?) 3977.04 3875.10 OF = 1681 Gev
30 (a)
D**D(;, (MeV/c?) 3975.20 3876.51

o o
T T T T T

Events /(5.0 MeV/c?)
> 3

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

o

4 405 41 415
RM(K*) (GeV/c?)

v Search for Z¢ in hidden charm decays. 7,.(3985)" — (D;D*® + D:~ DY) Z;, > K /Y
» Compare to Z.;(4000)~ observed by LHCD. =0T
> f-
Z,5(3985)" Z,5(4000)" S
Mpioe (MeV/c?) 3985.2%23 + 1.7 4003 + 6%, £ ao0f -
T'poe (MeV) 13.8781 + 49 131 + 15 + 26 300
200
v' Mass is consistent, but width is one order larger than BESIII result. 109 ,
3.6 3.8 4 4.2
v’ They are same things? Mygi [GeV]

Z.,(4000)" > K J/y
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Recent Z_. analyses
@ BESIII
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Study of the Z.(3900)° state with PWA

® ete” - m%7Z.(3900)° - nn%)/y

» A simultaneous PWA is performed on the four data
samples of \/s = 4.226,4.236,4.244 and 4.258 GeV.

» The fitting model includes four intermediate

processes: m°Z.(3900)°, ete™ — g/ /Y, £,(980)]/

¥, fo(1370)] /3.

v" The mass and width of Z.(3900)° is determined to o

be:

m(Z.(3900)°) = (3893.0 + 2.3 + 3.2) MeV/c?

r(z.(3900)°) = (44.2 + 5.4 + 8.3) MeV

v' The spin-parity of the Z,.(3900)° is determined to be
JP = 1% with a statistical significance of more than 9¢

over alternative /¥ hypotheses.

Ruiting Ma (UCAS)
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Z.and Z.; @ BESIII

PRD 102, 012009 (2020)
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Search for Z, states in n.m final states

Z.and Z.; @ BESIII

PRD 103, 032006 (2021
® ete >t nl, ., n.m’y (2021)

> Several theoretical studies suggest to search for charmonium-like Z, state with J* = 0% in n.m final states.

The LHCb Collaboration reported an n,m resonance, Z.(4100)", in B® - K*n.m~ decays!!.

>

> The cross sections of ete™ » n.wtn n®, n .t~ n.m°y are studied in this analysis.

v Only the ete™ — n .t~ mw® process was observed with 5.2¢ after summing up all the datasets.
v

The upper limits of the cross section of ete™ —» Zfm~n® and e*e™ - Z%w* ™ with different Z. mass and width
assumptions are extracted at /s = 4.23 GeV.

25 25 25 25
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[1] EPJC 78, 1019 (2018)
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Z.and Z.; @ BESIII

PRD 103, 052010 (2021)

Search for Z states in y;m final states

® ee” STy

> Two charmonium-like states, Z.(4050)* and Z.(4250)* are observed by Belle collaboration in B® —
K~m*y., decaystl], but not confirmed by BaBar(2l.

> TheeTe™ - m™m™ x, x5 — vJ/P processes are searched in BESIII with /s form 4.18 GeV to 4.60 GeV.

> Non of the three m* ™ y; processes are found in the datasets.

v’ The upper limits of the born cross sections of =™ 7™ y; are reported in the analysis.

751 ®  Observed cross section 25 ®  Ohserved cross section 71 @  Observed cross section
v Upper limit at 90% CL ]XCO - ¥ Upper limit at 90% CL TXCl ol ¥ Upper limit at 90% CL XCQ
: .
501 s I T 7 I
)
= £ 10 B
S I ] I IS I] I I S 3
25/ I of |
11 o5 il ]! I
AL LI Wl 1]
0 [1]'] _ | | 0.0 ' ' 0 ] 1l !I | l | _ [
420 425 430 435 440 445 450 455 4.60 OSTINTIS T IB0 A% a0 Aas 450 455 460 YOm0 a0 50 a5 a0 Ads 150 155 160
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(GeV)
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[1] PRD 78, 072004 (2008) [2] PRD 85, 052003 (2012)
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Z.and Z.; @ BESIII

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

Future Z, and Z ., analyses at BESI|II

® On going analyses: Z(3985) The plan for XYZ data taking
toeten S KUK K-zt [ Rz k2| Kz Ej : '
toetem S KD D™ 4 DD 1/4 Lm 1/¢J va|
« ete” > KK /Y S é _ -

® Data taking:
> About 1.8 fo! datasets with /s from 4.74 ~ 4.95 GeV @ 2021. o
> Possibilities for future XY Z data taking at BESIII. P

Center-of-Mass Energy (GeV)

» Detailed Z, and 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 pb  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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Summary Z.and Z.; @ BESIII

Z.(3900)* Z.(3885)"
PRL 110, 252001 (2013) ST: PRL 112, 022001 (2014)

DT: PRD 92, 092006 (2014)
. 100f o n,iQ gg
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Z.,(3985)" Z.(3900)°inY(4220)

PRL 126, 102001 (2021)  PRD 102, 012009 (2020)
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——
What’s Next?

® More than 20 fb-! data samples above 3.8 GeV have been collected by
BEPCII/BESIII Collaboration.

® Several Z,. and Z,. states have been observed by BESIII during 2013-2015.
« Z.(3885)" - ntJ/Y, Z.(3900)" - (DD*)* ... ...

® Recently, based on the new datasets collected in 2017-2020, more highlight
results on Z physics are published:

v' The observation of Z,.,(3985)".
v PWA result of ete™ - n%%] /3y for Z,.(3900)°.
v’ Searching for Z_ states in n.m, x;m final states.

» More detailed analyses on Z,. and Z . states are ongoing.

» The BESIII Collaboration planed to collected more XY Z datasets, to
further understanding the nature of Z states.

Thank you!
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Back Up
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Beijing Electron Positron Collider (BEPCII)

:“v.

beam energy: 1.0 — 2.3(2. 45) GeV !‘% ﬂ" {,% ) | , >

: 2020: energy upgrade to 2.45 GeV
PR \ 2004: started BEPCII upgrade,
L BESIII construction
=’ _§ 2008: test run
! 2009 - now: BESIII physics run
1989-2004 (BEPC):
Lpeak=1.0x103! /cm?s

- * 2009-now (BEPCII):
' Lpeai= 1.0 X1033/cm2(4/5/2016)
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BEPCII peaking luminosity

® Increase of beam energy 2.30 — 2.35 (2018) — 2.45 GeV (2020)
 — 2.35GeV in 2018 summer (done).
* — 2.45 GeV in 2020 summer (done).

® Top-up injection (done)
» Data taking efficiency increases by 20~30%.

1x1038F
8x 10321
6x10%2}

4x1032}

Peak luminosity (cm2s™")

2x10%}

Beam energy (GeV)

Ruiting Ma (UCAS) FPCP -ShangHali



BESIII data samples

XYZ scan 3
c
4190-4280 4630-4700

3.7 fb?

2009: 106M w(25) 7.6 b
225M J/W R7 =< e P KR (TR 2 PR T R TR CAPBON ! J_b| T T

Y (25)

2010: 975 pb-1 at y(3770) 10 W00 | Yo | 4420

6 billion 4 Mark-1 0.5 fb! 423044260 1.0 fb!

2011: 2.9 fb-!(total) at yw(3770) Wy g
482 pb-t at 4.01 GeV 3 ® PLUTO |55 09| ¥
2012: 0.45B (total) y(2S) «F & Cryal Bal '.
1.3B (total) J/y g Bl q
2013: 1092 pb-! at 4.23 GeV 2 T | L
826 pb-! at 4.26 GeV Y ey i Sokd .
540 pb-! at 4.36 GeV 3 35 e il a5 5
10 X 50 pb-1 scan 3.81 — 4.42 GeV Y(4630)/
2014: 1029 pb-! at 4.42 GeV Y(4660)
110 pb-! at 4.47 GeV BESIII Physics Journal
110 pb-1 at 4.53 GeV Publications
48 pb-1 at 4.575 GeV -
567 pb-t at 4.6 GeV 30588

0.8 fb-1 R-scan 3.85 — 4.59 GeV il

2015: R-scan 2 — 3 GeV +2.175 GeV 250
2016: ~3fb-!at4.18 GeV (for Dy) a5
2017: 7 x 500 pb-! scan 4.19 — 4.27 GeV
2018: more J/y (and tuning new RF cavity) - -
2019: 10B (total) J/\y 00
8 X 500 pb~! scan 4.13,4.16,4.29 — 4 44 GeV E a
-

St .
2020: 5 x 500 pb™" scan 4.63 — 4.70 GeV (+ extra) " = E

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

Vs [GeV]

uPRL aOther
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