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The correction of time deviation and resolution

The pulse height (Q) calibration

• BESIII: study 𝜏-charm physics with high precision and explore new physics

• Accurate and reliable particle identification (PID): enhances the signal-to-noise 

ratio significantly

• Time-of-flight (TOF) system based on plastic scintillation: pivotal in particle 

identification, especially for 𝐾/𝜋 separation

• Systematic deviation of Δ𝑡 of charged hadrons observed in data and MC: 

➢ Universality: observed by all scintillation TOF detector

➢ Systematic deviation → Unreasonable PID efficiency

➢ Inconsistent offset for data and MC → Increase in systematic uncertainties

 Correction formulas for time deviation and time resolution were constructed

 Performance of PID

✓efficiency of PID becomes reasonable

✓systematic uncertainty is reduced to 1%

 A valuable reference for experiments with scintillation TOF detector
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Particle Identification (PID) efficiencies and 
systematic uncertainties

data MC

Possible reason for time deviation

Briks’ Law:  
𝑑𝐿
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, 𝜅𝐵 is a small constant, 𝑄𝑝𝑒𝑎𝑘 is proportional to 𝑑𝐿/𝑑𝑥

➢ Fit the 𝑄𝑝𝑒𝑎𝑘(𝛽𝛾) with a Bethe-Bloch-like formula(NOT Bethe-Bloch)
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Δ𝑡 = 𝑡𝑚𝑒𝑎 − 𝑡𝑒𝑥𝑝
𝑖 ,  𝑡𝑚𝑒𝑎 = 𝑇𝐷𝐶 − 𝑡0 − 𝑡𝑐𝑜𝑟
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When calibration: using Bhabha events

for calibration

indicating
Time-walk term for 
electrons cannot 
describe that of hadrons 
well

➢ Time deviation correction term for hadrons is 

Δ𝑡 = 𝐴(𝑧) +
𝐵 𝑧

𝑄
+ 𝐶(𝑧)𝑄 + 𝐷(𝑧)𝑄2
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𝑄
is the main term

— 𝐴 +
𝐵

𝑄

— 𝐴 +
𝐵

𝑄
+ 𝐶𝑄 + 𝐷𝑄2

Binning in 2 dimensional(z , p), get the 
time deviation and time resolution

Gaussian

1.9 < 𝛽𝛾 < 2.07,
90𝑐𝑚 < 𝑧 < 95𝑐𝑚

➢ Time resolution correction term for hadrons is 
𝐴(𝑧) + 5 × exp(−𝐵(𝑧) × 𝛽𝛾)

The systematic deviation of Δ𝑡 has been reduced significantly

With 
correction

Fine tuning of Time resolution

Time deviation

Performance

MCdata

Misidentification due to saturation

MCdata

Inconsitent PID efficiency for 𝑲/𝝅，Misidentification from 𝝅→ 𝑲

Fine tuning the time resolution according to momenta

Pion

Previous: 

previous: TOF correction based on 09 and 12 𝐽/𝜓 data

New & w/ tuning : 

systematic uncertainty has been reduced to 1% level

Before 
correction

New & w/o tuning : 

Kaon Proton and 
Antiproton

Landau⊗ gaus

proton


