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Potential model
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Predictions of y(13D,) state

» Mass

« 3.84 GeV (Godfrey & Isgur, PRD32, 189)

« 3.80 — 3.83 GeV (NR PRD72, 054026; Ebert PRD67, 014027; Eichten &
Quigg PRD69, 094019; Blank PRD84, 096014; ...)

« Above (near) the open-charm threshold

» Width & Decay

* Below the DD* threshold (~3872 MeV)
« JPC=2-- DD decay is forbidden - no open-charm decay width

H = H() + ch_] (I_S’ i:)y

« Dominant E1 radiative transition width I'(13D,—>y 13P;)
- 250/268/265/300 keV (K. T. Chao PRD55, 4001; Gl PRD32, 189; Wang
arXiv:2208.09667; NR PRD72, 054026...)

o T'(13Dy,>vy 13P,)~60 keV; I'(13D,>nn-J/y)~46 keV; I'(13D,>ggg)~12 keV
« I'(Total)~400 keV > Very narrow & Br[13D,2>vy1]~50%
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Experimental search

Phys. Rev. D 50, 4258 (1994)
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The E705 Collaboration

300 GeV/c i beam hit a Lithium
target

* Clear y(2S)=2>m+n—J/y events (77
signal events)

* Evidence (2.80) of structure around
(3836 =13) MeV (58 events)—>
claimed as the 13D, state
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More evidence...

PRL 111, 032001 (2013)
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M, y(GeVich) of X(3823) resonance
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> 30_ * Mass agree with 13D, predictions, but

E_ 20} lower than E705

2 10, M) = My — M+ M0

5 & 1[ —3823.1 + 1.8 = 0.7 MeV.
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0 36 37 38 3.9 e Decay width to 13P, is large @ 90% C.L.

chz v (GeV/cz) Rp=(B[X(3823)— x.»v]/B[X(3823)— x.v]) < 0.41
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Observation

BESIT 4.6fbt, PRL115, 011803 (2015)
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An observation can only be considered as
discovery if its significance is over 50!

|

3\

i

Simon Eidlman
12(3823) (1948 — 2021)

was 1(3823), X(3823)

>

BESIII observed y(13D,) with 6.2c significance !

39 » 30 years of journey after its birth in theory !

Study e*e 2> X with X2>vyy1 ., using 4.6 fb! data

Significant signal (6.2c) is observed in X=2vy1
channel, while lack of signal in vy,

Mass measured to be (3821.7 =1.310.7) MeV/c?,
agree with Belle and theoretical predictions

Decay width agrees with prediction @ 90% C.L.
Rp=(B[X(3823)— x.,v]/ B[X(3823)— x1v]) <0.42
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V,(3823) properties

— A new era of precise studies



Mass & Width

11.3 fb-, Phys. Rev. Lett. 129, 102003 (2022)
BESIT
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/\fd Y2(3823)2Y A1 ~ 50%
f e
L v,y ~ 34%

» One of the two radiative photons has a chance (45%) to be lost in the detector
» Develop a Partial reconstruction method at BESIII (4-momentum conservation)

» Recoil system of n+n— can keep resolution as good as full reconstruction case!
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Mass and Width

11 3 fb-1, PRL 129, 102003 (2022)
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Mass and Width

11 3 fb-1, PRL 129, 102003 (2022)
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Production via charmonium-like state

11.3 b1, PRL 129, 102003 (2022)
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Baryonium...
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Spin-Parity

16(JPCY = 0—(2— )
w2(3823) I, J P need confirmation.
was 1(3823), X(3823)

250 11.3 fb-1, PRL 129, 102003 (2022) By assuming fy(500)y,(3823), BESIII
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 More statistics needed
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Decay

11.3 fb-1, PRL 129, 102003 (2022)
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Decay

JHEP 08(2020)123 % JHEP04(2022)046
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Decay

PRD 103, L091102 (2021)

@) nontary  BESHI| . 1f @vx,  BESI

ng 4|

.'..++ﬁﬁ+ b T

Lo ]

378 38 382 384 386 3.88 378 3.8 3.82 384 386 388
RM(rn*r) (GeV/c?) RM(r) (GeV/c?)

10F

Events / 5 MeV/c?

(f) %Iy

-

1l

— Fit result

- --=-- Background
Sideband

Events / 5 MeV/c?

Ol\)-bCDm

i

O N H (2] o]
L L T

378 3.8 3.82 3.84 3.86 388 378 38 382 384 386 388

RM(r*r) (GeV/c?) RM(n°r°) (GeV/c?)

Blwyo2 070/ y]/B[2Yyy1]<0.11

Blw22V%c0l/B[2vyc1] < 0.24

Blyo>n0J/y]/B[>Vy1] < 0.03

BGS]]I 10 4,30 evidence ~t Paa BGS]]I

olete” —>7z07z01// (3823))
olete —ntny,(3823))

~0.64+0.22

IZhiqing Liu | Shandong University, Qingdao

16



Decay

PRD 103, L091102 (2021)
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BEPCII-Upgrade
BEPCII-U vs. BEPCI
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2x 10%}

Beam energy (GeV)

» Luminosity increased by a factor of 3 @ 2.35 GeV
» Beam energy up to 2.8 GeV
» Start running in 2025...
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Summary

» The y,(3823) state is well-established with
worldwide efforts.

»Lots of progress in studying its properties (mass &
width, JF, and decays).

> BESIII continue to be active in charmonium studies.
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Summary

» Qutreach activity: What's use of studying y,(3823)7
—> A probe to study charmonium-like particles

Wissenschaftsmarkt
@ Gutenbergplatz

Sep. 15, 2015

Thanks for your attention !
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BESIII Data Sets (I)
BESIT
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» A scan experiment for vector charmonium-(like) states studies

» Over 23 fb-! data between 3.8 — 4.7 GeV during past 10 years
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Beijing Electron Positron Collider
(BEPCI I)
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