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Likelihood using charge 𝑸:

Occurrence of PE on SiPM follows an inhomogeous Poisson process.
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Tweedie generalized linear model (GLM)
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Due to the influence of crosstalk, the 

assumption of Poisson in Tweedie 

distribution no longer holds true.
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Optical detector model
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SiPM

𝑄 𝑇+Δ𝑇,𝑇 = 𝑄𝑄 𝑇,𝑇+Δ𝑇 ≠ 0Event 0:

Event 0 = Event A − Event B

ෑ

𝑗

𝑁SiPM

𝑓Tw 𝑄𝑗; 𝑏𝜆𝑗, 𝑇,𝑇 𝒓, 𝑬 , 𝜙, 𝜉

Δ𝑇 → 0

Likelihood using 𝑻 and 𝑸

ෑ
𝑄𝑗>0

hit

𝑓TQ 𝑇𝑗 , 𝑄𝑗; 𝑬𝑅𝑗 𝑡 − 𝒕𝟎 ; 𝒓 ෑ
𝑄𝑗=0

nonhit

𝑝𝜋 0; 𝜆𝑗, 𝑇−𝒕𝟎,𝑇−𝒕𝟎
𝒓, 𝑬

Use 𝑒− simulated by TAO offline software to evaluate algorithm.

• Time is important to reduce bias and get better resolution in pos rec.

• For TAO detector, time information has a negligible impact on energy rec.

✓ To handle dependence of first hit time 𝑇 and charge 𝑄, we derive the joint 

distribution of  T-Q from first principles.

✓ For point events (𝑒−) in TAO detector, the algorithm shows good vertex position 

resolution (< 16 mm) and energy resolution 2% @ 1 MeV.

✓ The method is applicable to other experiments that utilize PMTs for T-Q readouts.
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Taishan Antineutrino Observatory (TAO)

▪ 44m away from 

Taishan NPP

▪ ~2.8 tons GdLS 

(~4000 PE / MeV)

▪ 4024 50 × 50 mm2 

SiPM tiles

▪ Coverage ~ 94%

▪ Photon detection 

efficiency > 50%

▪ Energy resolution

  2% @ 1MeV

Schematic of the TAO central detector

❑ Model-independent reference spectrum for JUNO.

❑ Benchmark the nuclear database.

Physics 

Goals:

Reconstruction using first hit time T and charge Q

Dependence between first hit time 𝑻 and 

PE count charge 𝑸 needs to be considered.

𝜆PE: Expected PE count on a SiPM

Strategies:

1. Get 𝑻-𝑸 map from calibration data.

2. Derive 𝑻-𝑸 joint distribution in theory.
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With T-Q

With only Q

Vertex position reconstruction

Non-linearity

Energy reconstruction
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