QN:,:- (Zﬂk%

FUDAN UNIVERSITY

Recent Studies on
Vector Charmonium(-like) States at BESIII

Yuping Guo on Behalf of BESIII Collaboration

guoyp@fudan.edu.cn

INFE SSVEETAG T CTARNNE.Ae

Il | ICHEP 2824 | PRAGLE f=

Ju Lﬂ 24 2224
Prague




EPE

Charmonium Spectroscopy
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Discovery of Y States

o : : +,— 4+ y, 40r | T
Y(4260), discovered in ISR process at BaBar, e™e YisrT Sy s { [PRL95, 142001 (2005)] -
Confirmed by CLEO and Belle T Q_ABMA} p
- ]
—_ b - —
Mass > 4 GeV, above DD threshold R 20 -
Not observed in inclusive hadron cross section 1okt l T [
. . . iR ﬁi“ ks
Not observed in open charm pair cross section T. Ty It 1“ W'n: "u
54 a2 a4 26 48 2s
. . ! m(meI/p) (GeV/c?)
® |ater, Y(4360) was discovered at BaBar, Y(4660) was discovered I
. + + 50 : |PLB 660, 315 (2008)]
at Belle, both ineTe™ = yqrr™" 7~ w(2S) process r i
T 1
I Z4 LN B I UL I I ILIL EULEL B F o a1anaT AT AN 6on A1 s :l. y (IR e
> 20p-(a) [I}RD89,111103 (2014)}, 520 b a0l [PRD 91,112007 (2014)], 980 £b™ - o Wt -l R
$ s vase) | oo, P vasen) i N l iy
2 160 | BaBAr E 4 « BES .
1 2ol L, o N
5 1 Y(4660) 1 o2 NS A .
= 10F | ¢ - % : 0.0 :...."..»,. I’.":.:;-;:;-;-‘;‘;'L,,.»;l..,.-..-.:;;.';7‘5;;':-l-,';ie.sf'fifl.-.-.-:...,_,:';;_;f;,-,,_,, -
iy i uf y:
6;_ | ] 'l "'L' } _; E 10 N 3 ] * 31.7 . 318 l 31.9 l 4l.o ‘ 41.1 ‘ 41.2 .41.3 ‘ 414 . 41.5 l 41.6 l 41.7 ‘ 41.3 ‘ 41.9 ‘ 51.0
4 ) i AW Ecm GeV)
0 TR & VI, e, L s 00 0 L S P e = = b
4 42 44 46 48 5 52 54 5.6 58 4 4. 5 5 5.5
m(y(2S)T'T) (GeV/c?) M[*myp(2S)] (GeV/c?)

Yuping Guo (Fudan University) @ ICHEP, 2024.07.20 3



EPE

FUDAN UNIVERSITY

Discovery of Y States
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® Y(4260), discovered in ISR process at BaBar, eTe™ — yqp 7" J/y
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Can measure ole™e™ — h] (CS) with high precision using direct e"e™ annihilation data at BESIII
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Selected Results

TUD4 D
0]
dTs e

® Precise measurement of Born cross sections for ete™ = DD arXiv:2402.03829, submitted to PRL This talk
® Precise measurement of the ee™ — DS+DS_ cross sections arXiv: 2403.14998, submitted to PRL

® Study of the decay and production properties of D(2536) and D*(2573) arXiv:2407.07651, submitted to PRL

® Measurement of the Born cross section for eTe™ — nh,. arXiv:2404.06718, submitted to PRI

® QObservation of structures in the processes eTe™ — wy,; and wy,., PRI 132, 161901 (2024)

® Observation of a vector charmoniumlike state at 4.7 GeV/c? in ete™ — KTK=J/y Pr1131, 211902 (2023)
® Precise measurement of the ete™ — D "D~ cross sections PRLI31, 151903 (2023)

® QObservation of three charmoniumlike states with J*¢ = 17" inete™ — D™D~ x™" pri130, 121901 (2023)
® Observation of the Y(4230) and evidence for Y(4710) inete™ — KgKgJ/W PRD 107, 092005 (2023)

® Observation of w(3770) — nJ/w PRD107, L091101 (2023)

® Observation of a new X(3872) production process eTe™ — wX(3872) PRI 130, 151904 (2023)
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® 150 data samples corresponding to a total integrated lum. of 20 tb-T from \/§=3.8 to 4.95 GeV
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Precise Measurement of o[¢te™ — DD]

M,...... (GeV/c?)

® 150 data samples corresponding to a total integrated lum. of 20 tb-T from \/§=3.8 to 4.95 GeV
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Precise Measurement of o[ete™ - DID]
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® 138 data samples corresponding to a total integrated lum. of 22.9 tb-1 from \/§=3.94 to 4.95 GeV
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Production Properties of D, (2536) and D5(2573) @) fl24 %
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Y(4660) observed in eTe™ — yp ww(2S) by Belle Collaboration, confirmed by BaBar and BESIII
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Y(4710) observed in eTe™ —» KTK~J/y by BESIIl experiment
Y(4790) observed in ete™ — D.TD.~ by BESIIl experiment

Y(4626) observed in eTe™ — yp D D,(2536)7, and evidence of Y(4620) in eTe™ — ;/ISRDSJFDS*Z(2573)_
by Belle experiment




Production Properties of D,,(2536) and D*(2573) o) 19k %
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® 15 data samples corresponding to a total integrated lum. of 6.6 tb-1from \/E=4.53 to 4.95 GeV

Partial

e ——> ylY 4—e™

reconstruction

N
T O T

Entries / 2 MeV/c?

- D_,(2536)

(a)
\/s = 4.68 GeV

dy Ay it lﬂ!

|
| T ™ TI‘TWT ll +ll

NO

5

255 2.6
RM(D?) (GeV/c?

vk~ + DO

DSJ

D.D,,(2536)
430

D,D*(2573)

N
o
I I I

O T T

O T T

o(e’e—=D{D.,(2536)) (pb)
o(e*e —D!D_,(2573)) (pb)

Entries / 4|\> MeV/c?
o

D

——
\D—//V KK n~ A N
Y. 0 4.6 4.8 4.6 4.8
KsK /s (GeV) /s (GeV)
® Fitwith o = | BW,(\/s) + BW,(\/s)e'|?
- D(2573) (b)
® |n both processes, the first resonance is around 4.6
¢ GeV, with a width of 50 MeV
o + gl o Second strucutre is around 4.75 GeV with a width
PRI T of 25 MeVin DD, (2536)7, around 4.72 GeV with a
45 25 255 26 s sl
RM(D?) (GeV/c?) width of 50 MeV in Dijz(2573)‘

Yuping Guo (Fudan University) @ ICHEP, 2024.07.20 10
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® 15 data samples corresponding to a total integrated lum. of 6.6 tb-1from \/§=4.53 to 4.95 GeV
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Measurement of o[e¢ ¢~ — nh ]
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® The first evidence of eTe™ — nh.was found by CLEO at \/E=4.1 7 GeV [30]

® The process eTe™ — nh.was observed for the first time at \/§=4.226 GeV by BESIII, a hint of a

resonance around 4.2 GeV was observed

® New data (15 fb-1) between \/§=4.1 3 to 4.6 GeV has been collected by BESII!
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Measurement of ole™¢™ — wy,, ] WD A 9 4 4
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® The process e™e™ — wy, , was observed for the first time at \/E=4.c’) GeV or 4.42 GeV by BESIII

® New data (11.0 tb-1) between \/§=4.3 to 4.95 GeV has been collected by BESII!
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fo) o 60
C I
—~ 20 __ A(\l i
< Wy, x40 - F WY
n 1p(4415)-PDG2022 ° Y(4360)_PDG2016 8 n 8
O Y(4320)-nnd/y A Y(4390)-urh, - .
o vemaRons Yuskorvy | : | :
o 10{ o 20
+ + -
I l I
b 0 B | | 1 | . .l b 0 I . . | |
4.4 4.6 4.8 4.4 4.6 4.8

(s (GeV) (s (GeV)

® M =4413.6 +9.0 + 0.8 MeV/c?
=110.5+15.0+2.9 MeV

® Significance over PHSP: 10.70

ottt b b ° M =4544.2+18.7 £ 1.7 MeV/c?
M (GeV/c?) [=116.1+33.5=+1.7MeV

® Significance over PHSP: 5.8¢

- . .
o Mass higher than structure seen in Parameters consistent with y(4415),

KKJ/y and nD*D* implying the existence of
w(4415) — wy.,
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Summary gD 14 9 & £
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_‘Y(479“6:“3
® Benefit from the fine scan data samples collected between 4/5=3.8 to - oy XEUT0)
P Vs D.D} (2536
4.95 GeV, properties of vector charmonium(-like) states have been : |
r PTOP ( ) DD ;3(25 Zs%(} ! Y(4500)3_]: o NalRD)
investigated in hidden charm, open charm, and light hadron processes | 43(4390§iw<4415>}—> WY,
(4360
3P
Discovered Y(4230) in more than 10 decay modes | w<4230)M) i
2D(: :'m ¢(4]6O)}_) ;/]hC
Discovered new charmonium-like states Y(4500) and Y(4710)/Y(4790) 35 yuo0d0)
4000 77T T T
No evident structure is seen in light hadron processes S 07 -
= D e
The cross-section line shapes are very complicated, more sophisticated analysis may ks ___D_O_Bf___% _______________
determine the pole positions of these states better and help to understand their nature LS
he(1P)
® BEPCII will upgrade this summer, increase the luminosity aty/s=4.7 GeV |
Xeo(IP)
by a tfactor of 3, and extend the \/E up to 5.6 GeV starting from 2028,
more exciting results are expected! ;
3000 7c(S)
Thank You! 07(07) 0°(17) 0°(1%) 0*(0*)

Yuping Guo (Fudan University) @ ICHEP, 2024.07.20 15
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Beijing Electron Positron Collider Il and BESIII @ TEPE:

BEPCII: z-charm factory
Beam Energy:1:2.45 GeV
Lumi: 191 x 103 cna2s ™!

Data taking from*2009-

{902 FUDAN UNIVERSITY
Solenoid Magnet: 0.9/1.0 T
RPC: 9 _ RPC: 8
layers  alrimerar € ayers
SC
Solenoid
Barrel
ToF
Endcap
ToF
SC
Quadrupole
= e .
e+ IP e_
ORop. 2 CM
TOF
o1:80 ps AE/E: at 1GeV
110 ps (60 ps) 2.5%
JE/dx: 6% o7 0.6 cm/NE

cp/p: 0.5% at 1GeV/c

Yuping Guo (Fudan University) @ ICHEP, 2024.07.20
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Y(4260) = Y(4230) iak %

o(e’e'— nrrnd/y) (pb)

Dressed Cross Section (pb)
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g [ ¢ BESII (2022) ¢ This work —Fitresult | gol Fit curve: Total i fz; — 5.;4220) .
[ -~ Y(4230) -+ Y(4500) - Y(4710) - - Fit curve: Y(4220) * ¢ S S I 3 IR NonRes
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Future Data Samples

EPE

FUDAN UNIVERSITY

Table 7.1.

implementation and beam current increase.

List of data samples collected by BESIII/BEPCII up to 2019, and the proposed samples
most column shows the number of required data taking days with the current (7¢) and upgraded (.

Z(cm s ")

1 x 10%
8x 10°¢|

6x 10% |

3 {8

Energy Physics motivations Current data %

1.8 -2.0GeV R values Nucleon cross-sections N/A E o x ".{0.
2.0-3.1GeV R values Cross-sections Fine scan (20 energy points)  2x10%}

J/y peak Light hadron & Glueball J/y decays 3.2 fb ' (10 billion)
Y (3686) peak Light hadron & Glueball Charmonium decays 0.67 fb' (0.45 billion) Beam energy (GeV) B
W(3770) peak D°/D* decays 29fb 20.0 fb ' 610/360 days
3.8-4.6 GeV R values XYZ/Open charm Fine scan (105 energy points) No requirement N/A

4.180 GeV D, decay xyZ/Open charm 321fb 6fb 140/50 days
4.0-4.6 Gev XYZ/Open charm Higher charmonia cross-sections 16.0 fb ' at different /s 30 fb ' at different /s 770/310 days
4.6 - 4.9 GeV Charmed baryon/XYZ cross-sections 0.56 fb ' at 4.6 GeV 15 fb ' at different /s 1490/600 days

4.74 GeV XA, cross-section N/A 1.0fb " 100/40 days

4.91 GeV %5, cross-section N/A 1.0fb" 120/50 days

4.95 GeV E. decays N/A 1.0 b 130/50 days
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