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The statistical cut-based method serves as a fundamental data analysis approach in modern particle
physics. The visualization method can enhance physics analysis by addressing the constraints of
solely relying on high-level event information with the statistical cut-based method. Through
various analysis examples from BESIII, the visualization method has demonstrated remarkable
potential in physics analysis. It is anticipated that visualization will assume a more significant role
in the ongoing exploration of particle physics.
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1. Methodologies

The statistical cut-based analysis typically involves the steps in the left part of Figure 1 (a).
These processes progress from low-level to high-level, condensing essential physical information
while sacrificing event details. In contrast to processing massive events with the statistical cut-
based method, a visualization method can concentrate on the complete details of a single event,
including raw hits and related reconstructions. The visualization method is a valuable approach to
complement the statistical cut-based analysis in various steps, as shown in Figure 1 (a).
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Figure 1: (a) The steps in general statistical cut-based physics analysis and the supplement of visualization
in each step [1]. (b) An event display of 𝜓(2𝑆) → 𝜋+𝜋−𝐽/𝜓, 𝐽/𝜓 → 𝛾𝜂𝑐, 𝜂𝑐 → 𝛾𝛾 at BESIII.

2. Applications in BESIII

Beijing Spectrometer III (BESIII) [2] is a general-purpose spectrometer for 𝜏-charm physics
study, and BesVis [3] is a visualization software for BESIII. Figure 1 (b) shows an example of
𝜓(2𝑆) → 𝜋+𝜋−𝐽/𝜓, 𝐽/𝜓 → 𝛾𝜂𝑐, 𝜂𝑐 → 𝛾𝛾 simulated event displayed with BesVis. Two examples
of the application of BesVis will be used to introduce the role of visualization in physics analysis.

Search for the invisible decay of Λ may involve the presence of some exotic physics like dark
sector in the final state [4, 5]. The invisible signal is identified by “no signal” in subdetector EMC. In
early study, a significant “invisible” signal is observed with no hits found in the statistical cut-based
method, but the visualization clearly shows the additional EMC hits and the lack of TOF hits, as
shown in Figure 2 (a) (b). Fake signal comes from the hidden selection issue and disappears when
requiring the TOF hits of charged track. The visualization helps eliminate the fake signal.

The second example is the search for rare decay of 𝐽/𝜓 → 𝐷−𝜇+𝜈𝜇 + 𝑐.𝑐., which is sensitive
to new physics beyond the SM [6, 7]. The variable 𝑈miss = 𝐸miss − 𝑃miss · 𝑐 is used to characterize
the signal peaking at 0. Based on the statistical cut-based analysis, a clear peak was found in the
𝑈miss spectrum near 0 while one of the charged tracks in the peaking background is not produced
in the collision vertex studied by the visualization, as shown in Figure 2 (c) (d), which is actually
from 𝐾+ → 𝜇+𝜈𝜇. The visualization helps to study the background and then remove it.
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Figure 2: (a) The simulation for Λ → invisible. (b) An "invisible" candidate in the early analysis. (c) (d)
Two peaking background events in the early 𝐽/𝜓 → 𝐷−𝜇+𝜈𝜇 analysis.

More applications of the visualization method can be found in Ref [1]. It is recommended that
the visualization method be generally taken in physics analysis, especially for rare signal searches.
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