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Inputs: hit information + others
Outputs:
1) 𝜷, predicted velocity
2) 𝜶 = 𝐥𝐧 𝝈𝟐, predicted velocity log variance (uncertainty)

Heteroscedastic Loss (Gaussian Negative Log-Likelihood):
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RICH Velocity Reconstruction with Deep Learning (Old Version)



3

Physical Variable Reconstruction with Deep Learning

• Inputs:
hit relation information

• Outputs:
o Gaussian Distribution

1) 𝜷𝑮, predicted mean
2) 𝜶𝑮 = ln 𝜎2, predicted log variance (uncertainty)

o Student’s t Distribution
1) 𝜷𝑻, predicted mean
2) 𝜶𝑻 = ln 𝜎2, predicted log variance (uncertainty)
3) 𝜸𝑻 = ln 𝜈, predicted tail heaviness (robustness to outliers)

• Physics-informed Objective Function:
o Gaussian NLL
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o Student’s t NLL
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C𝑇 = 2 ∙ ln Γ Τ𝑒𝛾𝑇 2 − ln Γ Τ1 + 𝑒𝛾𝑇 2 + ln 𝜋 + 𝛼𝑇 + 𝛾𝑇
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𝑝𝑇 follows a Gaussian distribution when 𝛾𝑇 → ∞

Distribution Variance = ൞

Τ𝑒𝛼𝑇+𝛾𝑇 𝑒𝛾𝑇 − 2  , 𝛾𝑇 > ln 2 

∞ , 0 < 𝛾𝑇 ≤ ln 2 

undefined , 𝛾𝑇 ≤ 0 
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Key & Value

Length of Sequence:
• Inputs N = 512
• Latents M = 8
• Outputs

1) Gaussian Q = 2
2) Student’s t Q = 3

Number of Layers:
• L = 3
Number of Experts:
• E = 8
Hidden Dimension:
• D = 256

Inference rate = ~18,000 events/seconds on RTX 3090 => 1.5 x 109 events/days
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RECb=Official
RECg=DL (gaussian)
RECt=DL (student t)
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