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Outline BGS]]I

® General introduction on hidden charm states and on BESIII apparatus

® Representing main results of BESIII recent works
> arXiv:2404.06718
Measurement of the Born cross section for e e~ — nh, at center-of-mass energies between 4.1 and 4.6 GeV
» PhysRevD.109.112019
Search foret e~ — KTK™1(3770) at center-of-mass energies from 4.84 to 4.95 GeV
» PhysRevD.109.112004
Cross section measurement of et e~ — mP(2S) and search for e* e~ — nX(3872)
» PhysRevD 110 1, 012006 &PhysRevD.110.1.031103 &PhysRevL 132, 161901 (2024)
X(3872) production > 4.6 GeV and Study of e™ e~ — wy,1-

® Summary and outlook



Introduction BGS]]I

> In the past decade, many charmonium(-like) states were observed PRL 95 (2005) , 142001

experimentally.

> Y(4260): it discovered in ISR process (ete™ — y,grrt™] /)
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at BaBar, confirmed by CLEO and Belle, its mass is greater than 4

GeV above DD threshold and has not observed in open charm pair 0

Non-standard hadrons

cross section.

m(nwliy) (GeV/c?)

Molecule Tetraquark

Nature Rev.Phys. 1

(2019) 8, 480-494

Hybrid Glueball

) 3
Pentaquark



Introduction BGS]]I

. . __ . Parameters of the Peaks in e'e” Cross Sections
> Vector charmonium(-like) states (Y/i, JF¢ = 177) showing

S 180 —
> = v(4160)
strong coupling to hidden-charm final states, suchas J/Y¥, = 1s0F A v(4415)_
£ - "Y(4220)"
g 140__ | ' andhy
L “Y(4220}"mu(25)
100 "Y(4390)" o
80 :_ "Y(4220}"x:ht
. . . 60 _:_ "Y(4390}"~-hl
» Precise measurements of production cross sections and - e
40 :— (; "Y(4200}"rx(3mz)
resonance parameters needed 20 "v(4220°,
0_1_' 11 1 | | 1 1 1 I I | I 11 1 | L1 1 1 | 1 1 1 1 I 11 1 | I 11 1
. 4150 4200 4250 4300 4350 4400 4450 4500
* to clarify nature of these states. T s
* to distinguish among different theoretical models. Chin.Phys.C 44 (2020) 4, 040001

More studies are still needed!



BEPCII and BESIII
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Study of e™ e~ — nh,

100

» Two new vector resonances were observed in e* e~ — mmh,. -+ XYZ
= 80[ — Fit curve: Total ¢
> The et e~ — nh, is observed at the BESIII S o Fitcurve: Y(4220)
& -~ Fit curve: Y(4390) ,
based on the data taken before 2016. £ aoF "
, , , 1 - ntah
» The previous observations show a hint of new resonance 0 20F
. i3 .
around 4.2 GeV but we can’t draw a clear conclusion because OF
- PRL118, 092002 (2017)
-20 e E— : :

PR T N N N N N N
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of the limited statistics.

» The strong coupling to h, indicate this structure likely to be a
PRD96, 012001 (2017)
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Study of e™ e~ — nh, BGS]]I

Decay mode BR
Event topology: N PP ~0.15%
ete” —nhehe = yne;ne —Xi; N — T PP ~0.45% Sum of 16 channels
Ne — 2(1T°117) ~1.20%
Data sets: ne > 2(K'K7) ~0.15% 60 M= 0 e 2 e
+ 4130 ~ 4600 MeV Ne — T KK ~1.50% S Sl
* Total integrated Lum. ~15.3 fb'! N — 30T 7T) 5 00% % 40% 1 Rﬁé'ﬁiﬁigﬁim
Ne — K*K= 2(1+11) ~1.00% T 30k
MC sets: Ne — KK-Tr0 ~1.20% 2 20,
ete” —nh,; PHSP — 1
h. = yng; 1+ cos?6 Ne — PPTC ~0.18% s ik
e —Xi: DIY (Body3, mH2..) | I O Tads s 5 98
N — KsK3m ~2.40% M,.,(n) (GeVic?)
Ne > TUTTN ~1.60%
n. — K'K™n ~057% Unbinned maximum likelihood fit is performed
ne > 2('m7) n ~2.70% to 16 data sets simultaneously.
Ne — o lnP ~2.40%
Ne — 2(mtm~) oo ~11.0%




Study of e™ e~ — nh,

BESII

UDressed(e + e~ - r]hc) (pb)
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& Measurement

PS(5)

Here: BW(s) = EE:

the low statistics.
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» A resonant structure near 4.200
GeV is observed (70).

Width (MeV)

PS(M)

» Parameters of BW2 are fixed to Y(4360) due to

a(s) = |BW1(s) + BW2(s)e'??|?2 + |BW3(s)e'?3|?
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Search fore™ e~ — KTK~y(3770)

ete™ - KK J/y ete™ — KTK™Y(25)
PRL 131, 211902 (2023) arXiv: 2407.20009

¥

ete” — K"K~ y(3770)
New data at BESIII

Z.(3900)~
> Search for strange four-quark states Z.;(3985) by et e~ —

K*K~y(3770).

» According to the quark potential model, the masses of the 5S and 6S
vector charmonium states are around 4.6 GeV and 5.2 GeV,
respectively. In the mass region of 4.7 GeV to 4.95 GeV, there should

be only one vector charmonium 43 D state with mass about 4.8 GeV.



Search fore™ e — KTK~y(3770)

BESII

Data: 2021 /s = 4.78 — 4.95GeV ~ 900 pb~?
Y(3770) - DD

» Charge conjugation is implied
» Using D" and D° decay modes
D° > K mt
D° 5 K m*tn®
D’ 5 K mtmtm™
D" > K mtm*
Dt - K{m*
Dt - Kot m®
Dt - K ntm*n®
Dt - K{mtmtm™
D" > K K*'m*

~ 28.6%
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Search fore™ e — KTK~y(3770)

BESII

No evidence for this decay, we set an upper limit of this decay at 90% confidence level.

N"PP* = 4.7 at 90% CL

N"PP = 14.6 at 90% CL

N'PP®" = 14.2 at 90% CL

s=4.84GeV osf (5=4.91GeV osf (5=4.95GeV
':io.ﬁ: '-"f_'l).ﬁ:
— Initial = F — Initial = f — Initial
~— Smeared 0-4:_ — Smeared 0'4: ~— Smeared
02 0.2 |
o r}; EE L 10 I&: 0 s 0 10 p}q T
—1 upper
V5 (GeV)| Lit(pb ) [ Nug [N e (%) [(1+6(5))] 27 [ o (pb)
4.84 |525.16£2.78(0.00702¢| <4.7 [0.487£0.015| 0.727 | 1.05 1.2 .
| 2016 | Jﬂ};g:;‘;’l <4.7 10.487£0.015) 0 TET D:B \ » Obviously smaller than the cross
4.91 207.82+1.10 3.(}_5_2 <14.6 {1.473+0.027| 0.757 | 1.056 3.0 sections of ete- — wtm-DTD-
495 [159.284-0.84| 0.87%1 | <14.2(1.736+0.028] 0.772 | 1.056 | X3.1 /
g
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Study of e™ e~ — ny(25) BES]]I

» Since the BESIII experiment observed the Y(4230) in the J. High Energ. Phys. 2021, 177 (2021)
ete™ — nJ /Y and n'J /Y processes, it follows that the

process eTe” — nP(2S) can be an important way to

search for Y states. g 20T
~ 15} :
U) L N
AN [ )
s 10 | 7
= [ :
» Using a total of 5.25 fb~tof e*e~ collision data with c.m. N 3
o [ ]
energies from 4.236 to 4.600 GeV, BESIII reported the first E_;‘B, 0 Z_}M RS }ll;_i
@) NP A TP TP TR TIPS A TP TP
observation of the process ete™ — ny(2S) with a 424254343544445454554.
statistical significance of 4.9 standard deviations Is (GeV)
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Study of e™ e~ — ny(25)

BESII

Data: 4.288 to 4.951 GeV ~8.7 fb~1

Mode 1 Mode 2 Mode 3
Decay mode generator model 20 prrr ey 20 prrrrrrr T 20 prerrrTr T
ete” = qp(2S)  HELAMP 100010 R +owann | 3 N s | 3 I S | 3
e*e” — nX(3872) PHSP 2 sf | 8 s  viasoo g s o
n—yy PHSP @ . ndf=0.7 QN% E +¥ndf=0.6 @ . ¥2indf=0.7 E
W(2S) - 7T Y JPIPI O | ¥ I F
X(3872) - mn Jj PHSP o SF + 3 o sk ] .
Jhir — ete” ° _1/ LIl lll l R St
f VLL L 11T e re _1 24 T_ l 71 ) - I I ¥ L A PP O - -- o N | il ST PR U
Sl — .U+.|U_ %3 -4'.'3”4.4 75 4.6‘ 47 48 49 04.4.4 Y TS R v - b v 4. 47 48 4% 5
s (GeV) s (GeV) /s (GeV)
: MODE BWI  BW2 M I, -8B M- Coor> 2B
[24] J. High Energy Phys. 10 (2021) 177 ' ot — 2 2
Mode | ¥(4260) (4415) fixed fixed (252 +6.3)x 107 fixed fixed 18.58+005 1.9+02
Mode2 Y(4260) Y(4500)  fixed fixed (26.6+7.6)x107? fixed fixed 035+0.11 —-4.1+0.1
20 Mode 3 Y(4260) R fixed fixed (30.4+9.2)x107% 4502+0.051 0200+0.078 042+0.10 4.0+0.2
. C Mode 4 R1 R2 unstable unstable unstable unstable unstable unstable unstable
ﬁ 15 :_ —— Ref.[24]
% E —— this work
%‘_ 10 .
T » Due to the limited statistics, it is difficult to draw a clear
2 °r 4{ljl % * ’l conclusion whether the vector charmoniumlike states exist
© 4T oy l _{Luzl Pl ] | in the cross section distribution or not.
I_IIIIIIIII||||||||IIIIIIIIIIIIIIIIIII||||||
42 43 44 45 46 47 48 49 5
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Search foret e™

— nX(3872)

counts

> X(3872) state reported by the COMPASS experiment F
(JP¢ = 1%~ and Mass= 3860 MeV/c?) g °F
- C A
Phy. Lett. B 783, 334 (2018). < i
o i o ig 4 = F 4
5; ge:_ WX(3872) E > 5 4 s 4
47 oy ST :
3:— T 84:— \2. 5_1:_ E.I_.ﬁ‘i i.l ]
2— * 2 - E..| mﬁ*? Ly E|...£"|....|....| .
- + IJ[ + - ) ﬁ\+ | 0746 465 47 475 48 485 4.9 4.95
R PR X 05 06 07 Onin[GeV!cz] %01 02 05 04 08 06 07 bni;l[(liél\;fcl] ||IS (GeV)
e rrerrre
ol —|— Cyery=51 MeV |3 > Mass : 3860 MeV/c? (COMPASS result)
3 5_ 4 Tyagry=1-19 MeV _
S 4E 3 » Width : 51 MeV or 1.19 MeV
7\
E o 3
3 E The upper limit from  The same as the
S bt ] COMPASS result width of X(3872)

4.6 465 47 475 43 435 49 495
Vs (GeV)

M=3.86 GeV/c?, T,
M=3.86 GeV/ic®, T,
M=3.8495 GeVic?, T,
M=2.851 GeVic®, T,
M=3.8525 GeV/c", T,
M=2.854 GeVic® T,
M=3.8555 GeV/c®, T,
M=3.857 GeV/c?,T,
M=3.8585 GeV/c®, T,
M=2.8615 GeVic®, T,
M=2.863 GeVic?, T,
M=3.8845 GeV/c", T,
M=2.866 GeVlic® T,
M=3.8675 GeV/c®, T,
M=2.869 GeVic®, T,
M=3.8705 GeVic?, T,
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Study of et e~ — w x¢1- BGS]]I
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X(3872) production > 4.6 GeV BESIT
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_ B(X(3872) = v J /1) OwX(3872) _
[ Ry g jmtn— a9 = BX(3872) W+7T_J/¢)J > ) /Gch1 = 524+1.0+19
BoOXETR e = 55111424
Experiment |y — > U¢X(3872)/g¢xcl < 9@90% CL
e*e” - yX(3872) 079 4+ 0.28 » Help constrain the possible y.;(2P) component in the X(3872) wave function.
BESIII St
BE - K*X(3872)
Belle 0.21+ 0.06
ete” — wX(3872) Oyx(3872) 0
This oo 0.38 + 0.20 (< 0.83) /ng(3872) < 0.23 @90% CL

Average 0.25 + 0.06 16




New hadrons discovered at BESIII

5
| Y(4790),
Y(4710
Y(4390) Y(4500) (47107
. Y(4320)
Z.(4020) 7,(4020)° Y(4230) )
a4t o.® oZ.(3900)° Z.,(3985)'®
< I z.3o00)  @F o . )
5‘?_ 2 » 12 charmonium(-like) states
cu » 6 vector charmonium(-like) states
@) 3k 30 new hadrons at BESIII
2, i X(2600)
i ! N(2570) . °
of ,(2480)
© X(2370) 2300 X(2500) X262 o . OX(2356)
= X(2120) (2262)% @, (2250) X(2000)
2 X(1870)
° X(1840) h, (1900
I e 1;:1(1855)A.ao (1817)°  X(1880)

2012 2014 2016 2018 2020 2022 2024

Date of arXiv submission

Z.Q. Liu & R. Mitchell, Science Bulletin 68 (2023) 2148-2150
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Summary BGS]]I

® We reported cross-section measurement results including hidden charm final states at BESIII

® BESIII have a excellent performance about the charmonium(-like) states studies

From Y. Zhang@Lanzhou

BEPCII-U vs BEPCII

® Upcoming upgrades on BEPCII and BESIII

* Higher precision for measurements

* Luminosity * 3 @ 2.35 GeV

* Highest Beam Energy: 2.47 GeV -> 2.8 GeV
* Commissioning of BEPCII-U on 2025.01.01

1% 103

)

1

8x 10%r
Bx 103

Ax 103

Peak luminosity (cm™2s~

2x 10% |

Thank you ;

Beam energy (GeV)
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