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The BESIII detector at BEPCII collider
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Charmonium Spectroscopy
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Charmonium spectrum
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From F. K. Guo

Charmonium resonances are located in the
transition region of perturbative and non-

perturbative QCD.

Testing theoretical predictions with experimental

observations in the low energy regime of QCD

Charmonium decays highlighted in this talk
+ h.»yX, X=n'n",n nn,2(n"n”),pp
+ XCO,CZ - 7T+7T—/K+K_

+ nc-ovy



YP(2S) samples at BESIII
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h_. Radiative Decays

BESTI Phys. Rev. Lett. 134, 241902 (2025)




h, - yX: h, candidates from the y/(2S) decays

+ h, has the same C-parity as J /iy but different orbital angular momentum —> improving our understanding

of charmonium radiative decays and searching for exotic states
QCD predicts B(h, — y + 29)~5.5%, while experiments measure B(h, - vy + 1n/n)~0.2%

h. mesons produced by the isospin-violating decay ¥ (2S5) — ©°h,

o #+ 5C kinematic fit by constraining the four-momentum of
l /@ final states of 1(2S5) and % mass = combination with
4—. P(2S) o "' h, minimum yZ. selected

I ‘ hadrons » To suppress background events with wrong number of

el 2 2 2
phOtOI’\S.)(LlC,m, < Xac,(n-1)y and Xicny < Xac,(n+1)y



h. — yYX: Non-peaking Background

+ Model: ¢Y(2S) » n°h, and ©° - yyy,, h,-> yrntn~ + Modelll: h, » y2(ntn™)
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+ photon combination
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h. — yX: Signal Extraction

4+ Two types of peaking background

» h, > yn., withn, > X (X =rn*n"n,2(n*r™), pp )and M(X) < 2.8GeV/c?, contribution obtained
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Decay model Branching fraction Signal yield Efficiency (%) Significance (o)
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Precise measurement of y . 2 — nn [KTK™

BESTI arXiv:2502.08929




Xcocz — T /K"K~ : Signal Selection and Background Study

+ The decay of y.q to light hadrons proceeds predominately via two-gluon exchanges.

+ SuU(3) flavor symmetry>T(0*" - ntn™)~I'(0*t > KTK™)

+ P@2s) - YXco,c2» Xcoc2 i /KK~

» Constrain the four-momentum of two charged tracks and a photon to the four-momentum of ¥(25)

» Radiative photon with minimum yZ. kept. No PID, events are classified as 7t ~or KK~ according to y2.

+ Backgrounds
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+ - 0.0+ — . . . 40: —=— signalMC
+ (y)eTe  andm”me"e” : vetoed using deposited energy of electronsin EMC i — BhaBhaBkgMC
30:_ eeBkgMC
+ (Y)ut u™ :seriousdue to m and u mis-identification, non-peaking background :
20
well simulated and fixed f [\
101
» Cross-contamination between yr*tn~ and yKTK ™ : < 1%, fixed via I J |
1,
simulation % o5 1 15 2

Eemc(n™n) 11



Xcocz = T /KT K™ : Signal Extraction
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The mass split between y., and y,q is measured.

Taking the world average mass of y., as input >the most precise y., mass/width measurement to date
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Observationof . = yyin]/Y — yn.

BESTI PRL 134 (2025) 181901




Sci. Bull. 68, 1880 (2023)
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Large discrepancies between different

measurements of y y = 1,
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average value

15



n. — YY: Signal Selection and Background Study

+ + + 0+

Y2S) >t J/p, J/p =y, = vyY
» Why not using Y(2S) — yn, ? Huge background

fromeTe™ - yyy
A four-constraint kinematic fit carried out constraining the

total four-momentum of the final states to the initial state

The w7~ yyy combination with minimum yZ. is selected.

E,s >E,; > Ey3
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Dominant backgrounds peak in

M(y1y3) and M(y,Yy3) , rejected
with the study of M (yy)

M,; (GeV/c?)

00_ - 02 | I0.4I | I0.6I | 08 1 I1.2I | I1.4I
M,, (GeV/c?)

2000

1500

1000

500

16



n. — VY. Signal Extraction

+ unbinned extended maximum likelihood fit on M (y,Y,) to extract the signal yield

+ Line shape of i, described as
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B(m, — vy)and (1, = vy)
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4+ The measurement is consistent with the lattice QCD calculation from HPQCD in 2023.

+ By using the world-average values of B(J /¥ — yn.) and the total decay width of ., I'(n. = yy) is

determined, deviating from the world-average value by 3.40 18



+ Thanks to the largest ¥ (25) data samples collected at BESIII, charmonium (h., .o, N:) decays

have been studied in a clean environment.
« Y(2S) > nh, ,h, o y+rntn Jfatnn/2(xtn™) /pp
# Y(2S) > YXco, Xco > T /KTK™

» YRS >atnT J/Y, J/Y oy o vy

4+ More measurements expected to further advance our understanding of QCD

19
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