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MOTIVATION
• Helicity selection rule (HSR) [1] requires λ1 + λ2 = 0. For charmonium decays to light hadrons h1(λ1)h2(λ2), violating HSR exhibit suppressed

branching fractions, as demonstrated in χc1 → ϕϕ.

• However, BESIII observed comparable χcJ → ϕϕ branching fractions for J = 0, 1, 2 [2], contradicting HSR expectations.

• Various models, including perturbative QCD (pQCD) [3], the quark-pair creation (3P0) model [4], and charm-loop (DD̄) contributions [5], have
been proposed to explain this anomaly. Helicity amplitude ratios provide key discriminators among these mechanisms.

• Measurements in this analysis: (I)
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are the helicity amplitudes.

BESIII DETECTORS

• Stable and reliable operation since 2008

• Large acceptance

• Good particle identification

• High energy and momentum resolution

AMPLITUDE ANALYSIS
• Dataset and Methodology:

– BESIII 448.1× 106 ψ(3686) events

– Covariant tensor expansion for helicity amplitudes [6]

– Full angular distribution for e+e− → ψ(3686) → γχcJ → γϕϕ→ γK+K−K+K−
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• Fit Model:

– Resonance: Relativistic Breit-Wigner with damping factors (mass resolution included)

– Non-resonant: Pure JP = 0+ component

– Background: Sideband subtraction in likelihood fit

• Fit results: From left to right: invariant mass distributions (I) mϕϕ; (II) mγϕ; helicity angular
distributions for (III) the photon; (IV) the ϕ meson.
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SUMMARY AND OUTLOOK
• Helicity amplitude ratios exclude DD̄ loop model; other theories show deviations.
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Measured χcJ → ϕϕ branching fractions (×10−4)
Decay Mode 2011 BESIII [2] This work PDG
χc0 → ϕϕ 7.8± 0.4± 0.8 8.59± 0.27± 0.20 8.0± 0.7
χc1 → ϕϕ 4.1± 0.3± 0.5 4.26± 0.13± 0.15 4.2± 0.5
χc2 → ϕϕ 10.7± 0.4± 1.2 12.67± 0.28± 0.33 10.6± 0.9

• Key results: First amplitude analysis and most precise χcJ → ϕϕ BF measurements

• Future: 2.7B ψ(3686) events for further analysis
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• Signal: χcJ → ϕϕ, area A

• Background:

– χcJ → ϕK+K−, area B

– χcJ → K+K−K+K−, area C
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