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CALICE Timing
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Figure 14: a) Time of first hit for muons, electrons and pions in steel absorber in a range of -100 to
250 ns. The histograms are normalized to the number of events where at least one hit was identified.
The errors bars are statistical and systematic uncertainties. The lines represent the fit to the data as
explained in the text. b) Comparison of the time of first hit distribution for 50 GeV pions in data
and three different physics list for the DD4HEP simulation. The grey and color bands shows the
statistical and systematic uncertainties.

The noise level is similar on the left side of the time distribution for muons, electrons and393

pions giving confidence that the right tail observed between 30 to 50 ns in the pion data is coming394

from physics and not noise. A model of the sum of two exponentials and a constant is used, similar395

to the T3B experiment [16], to characterize the slow and fast time component of the distribution.396

A fast component of 6.21±0.30 ns and a slow component of 343±39 ns are extracted. The397

time constant of the fast component is in the same order of magnitude as given by the T3B ex-398

periment (8 ns). However, due to the time resolution of the AHCAL being in the same order of399

magnitude, it is difficult to confirm the observation made by T3B. The time constant of the slow400

component is very different than in the T3B experiment (around 80 ns in steel). It may be due to401

the contribution of SiPM noise that reduces the sensitivity to the slow component of the shower,402

and the contribution of multi-particle events. The model may be incomplete as the fitting function403

does match well the data in the transition region of 50 to 100 ns.404

Figure 14b shows the distribution of the time of the first hit compared to three different physics405

lists for 50 GeV pions. For the core of the distribution below 50 ns, all physics lists describe the406

data within the systematics. The late tail is described best by the QGSP_BERT_HP and QBBC407

physics lists. The QGSP_BERT physics list without the precision treatment of neutron results in408

an overestimation of the tail of the distribution by around a factor of 5.409

The dependence of the time of the first hit on the hit energy is studied in the following. It is410

expected that there is no hit energy dependence for muon and electron beams as these are quasi-411

instantaneous. On the other hand, for pions, it is expected that low energy hits mostly coming from412

neutron signals in the calorimeter are delayed. Figure 15 shows the comparison of the mean time413

of first hit as a function of the hit energy in data and simulation for 50 GeV pions.414
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Figure 14: a) Time of first hit for muons, electrons and pions in steel absorber in a range of -100 to
250 ns. The histograms are normalized to the number of events where at least one hit was identified.
The errors bars are statistical and systematic uncertainties. The lines represent the fit to the data as
explained in the text. b) Comparison of the time of first hit distribution for 50 GeV pions in data
and three different physics list for the DD4HEP simulation. The grey and color bands shows the
statistical and systematic uncertainties.
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Figure 14b shows the distribution of the time of the first hit compared to three different physics405

lists for 50 GeV pions. For the core of the distribution below 50 ns, all physics lists describe the406

data within the systematics. The late tail is described best by the QGSP_BERT_HP and QBBC407

physics lists. The QGSP_BERT physics list without the precision treatment of neutron results in408
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expected that there is no hit energy dependence for muon and electron beams as these are quasi-411
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Pion Time Resolution
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Figure 14: a) Time of first hit for muons, electrons and pions in steel absorber in a range of -100 to
250 ns. The histograms are normalized to the number of events where at least one hit was identified.
The errors bars are statistical and systematic uncertainties. The lines represent the fit to the data as
explained in the text. b) Comparison of the time of first hit distribution for 50 GeV pions in data
and three different physics list for the DD4HEP simulation. The grey and color bands shows the
statistical and systematic uncertainties.

The noise level is similar on the left side of the time distribution for muons, electrons and393

pions giving confidence that the right tail observed between 30 to 50 ns in the pion data is coming394

from physics and not noise. A model of the sum of two exponentials and a constant is used, similar395

to the T3B experiment [16], to characterize the slow and fast time component of the distribution.396

A fast component of 6.21±0.30 ns and a slow component of 343±39 ns are extracted. The397

time constant of the fast component is in the same order of magnitude as given by the T3B ex-398

periment (8 ns). However, due to the time resolution of the AHCAL being in the same order of399

magnitude, it is difficult to confirm the observation made by T3B. The time constant of the slow400

component is very different than in the T3B experiment (around 80 ns in steel). It may be due to401

the contribution of SiPM noise that reduces the sensitivity to the slow component of the shower,402

and the contribution of multi-particle events. The model may be incomplete as the fitting function403

does match well the data in the transition region of 50 to 100 ns.404

Figure 14b shows the distribution of the time of the first hit compared to three different physics405

lists for 50 GeV pions. For the core of the distribution below 50 ns, all physics lists describe the406

data within the systematics. The late tail is described best by the QGSP_BERT_HP and QBBC407

physics lists. The QGSP_BERT physics list without the precision treatment of neutron results in408

an overestimation of the tail of the distribution by around a factor of 5.409

The dependence of the time of the first hit on the hit energy is studied in the following. It is410

expected that there is no hit energy dependence for muon and electron beams as these are quasi-411

instantaneous. On the other hand, for pions, it is expected that low energy hits mostly coming from412

neutron signals in the calorimeter are delayed. Figure 15 shows the comparison of the mean time413

of first hit as a function of the hit energy in data and simulation for 50 GeV pions.414
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Time vs Energy
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Pion Time Resolution
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Summary

• We are still at the beginning of the time analysis!

• Many features to check

• For every serious analysis: proper calibration / event selection

• But: time resolution already in the same ball park as for 2015 test beam

• Pions comparison between data and MC looks reasonable at current state

• Correlation between late hits and energy sum visible in data & MC  
—> handle for software compensation?


