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Abstract ‒ The Super Tau-Charm Facility (STCF) is a proposed electron-positron collider in China, with a peak luminosity above 0.5×1035 cm-2s-1 and a center-of-

mass energy range of 2 to 7 GeV. Effective particle identification (PID) is crucial for STCF experiments, requiring a separation power better than 4σ for charged hadrons

(𝜋±, 𝐾±, and p/ ҧ𝑝 ) up to 2 GeV/c. To achieve this, a dedicated PID system is proposed, consisting of a Ring Imaging Cherenkov (RICH) detector for the barrel region and

a time-of-flight detector (DTOF) using detection of internally reflected Cherenkov light technique for the endcap region. This work presents likelihood analysis methods to

evaluate the PID performance of both PID detectors within the Offline Software of Super Tau-Charm Facility (OSCAR), featuring tailored analytical approaches for the

fast extraction of photon hit maps.

Introduction
The baseline design of the STCF[1] PID system includes a RICH detector in the

barrel and a DTOF in the endcap, achieving over 97% π/K identification efficiency

up to 2 GeV/c, with a misidentification rate below 2%. The RICH detector[2]

features a 10 mm liquid C6F14 radiator, optical transparent quartz, working gas, and

photon detectors with CsI-coated THGEM for photocathode and Micromegas (MM)

for amplification. The DTOF detector[3-4] uses a fused silica plate as Cherenkov

radiator and light guide, with MCP-PMTs for photon detection.

Figure 1. Layout of STCF detectors (left), and the structure of RICH (middle) and 

DTOF detectors (right)
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Figure 7. π ID-efficiency of the RICH (left) and DTOF (right) detectors at different 

directions momenta, where K mis-ID rate is 2%.

Likelihood analysis methods 
• RICH likelihood function:
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• DTOF likelihood function:
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Here, ℎ represents different particle hypotheses, and 𝑆ℎ 𝑐ℎ𝑖 , 𝑡𝑖 is the probability

density of photons in spatial and temporal domains for DTOF. The log-likelihood

difference (∆Logℒ) is expressed as:
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Figure 5. Analytical approaches for the fast extraction of photon hit maps. The

Jacobian matrix, which transforms from the emission space (𝜆photon, Ԧ𝑟emission, 𝜙𝑐)

to the detection space ( Ԧ𝑟detection, 𝑡), is obtained by summing over all possible

photon paths. The emission space is divided into small intervals, with the light

paths expanded to ensure accurate transformation.

Figure 5. Examples of photon hit maps from the RICH (left) and DTOF (right)

detectors. The RICH detector shows 2D spatial distributions of photon hits, while

the DTOF detector presents time-position patterns.

Figure 6. The log-likelihood difference of the RICH (left) and DTOF (right) 

detectors for π/K separation at 2 GeV/c.

Simulation and reconstruction

Figure 2. Simulation and reconstruction of STCF detectors in OSCAR framework.

Figure 3. The number of photoelectrons (𝑁pe) for the DTOF (lower region) and

RICH (upper region) detectors. For the DTOF, the 𝑁pe is approximately 30, while

for the RICH, it is approximately 15, with the values doubled (𝑁pe × 2) to align

with the scale used for comparison.

Figure 4. The reconstructed Cherenkov angle for RICH detector (left) and TOF 

reconstruction for DTOF (right).
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