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FalphaNoise

● PulseNoise algorithm uses FalphaNoise to generate the noise.

● If there are the following past noise samples, 0.8, -0.3, 0.1, 0.7, -0.2, 0.5, the FalphaNoise generates

the current one using a random generator and

o pole: The number of past samples that influence the current one.

o alpha: How strongly the past samples influence the current one.

● However, the FalphaNoise provides a number, not a pulse shape.

m_cfg.alpha m_cfg.variance
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FalphaNoise → Pedestal distribution

● Parameters were set so that we have a specific pedestal distribution (m~3p.e., σ~0.5p.e.) when the

FalphaNoise is measured every 25 ns.

● An offset parameter was added to reproduce the pedestal mean.

● A scale was multiplied to convert p.e. to pulse height.
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Data type to be saved for preTDR

edm4hep::

SimCalorimterHit

1. Regroup by primary Par.

2. Merge by z-segmentation
3. Attenuation

edm4eic::

SimPulse

Combining

pulses
edm4eic::

SimPulse

Adding noise

edm4eic::

SimPulse

Digitization (ADC, TOA, …) 

edm4eic::

RawCALOROCHit

Reconstruction

edm4eic::

CalorimeterHit

edm4hep::

SimCalorimterHit

1. Merge for each SiPM

2. Build pulse

✓︎

✓︎

✓︎

✓︎
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BIC data volume (18x275_minQ2_1)

Status Total (MB) BIC (MB)

Without {P, N}Att.Hits and {P, N}Pulses 27 2

Add Attenuated{P, N}Hits 32 7

Zero-filling branches 30 5

Add TimeSeries {P, N}Pulses 31 6

Add TimeSeries {P, N}Comb.PulsesWithNoise 31 6

Remove RawHits and RawHitAsso. 30 5

Add {P, N}RawCALOROCHits ? ?
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Zero-filling branches
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BIC data volume (18x275_minQ2_1000)

Status Total (MB) BIC (MB)

Without {P, N}Att.Hits and {P, N}Pulses 35 14

Add Attenuated{P, N}Hits 58 36

Zero-filling branches 46 25

Add TimeSeries {P, N}Pulses 53 32

Add TimeSeries {P, N}Comb.PulsesWithNoise 57 36

Remove RawHits and RawHitAsso. 48 26

Add {P, N}RawCALOROCHits ? ?

● Is it okay if the zero-filling branches is applied for BIC?
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Digitization algorithm

● ADC, TOA, and TOT values are measured every 25 ns.

● Each 25 ns sample has a HGCROCSample and each pulse has a RawHGCROCHit.

● ADC is the maximum amplitude during a sample. 0 is filled to it when the pulse crosses the threshold.

● To measure the TOA and TOT, the crossing points between the pulse and threshold were calculated

by linear interpolation.
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Digitization algorithm
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Digitization algorithm
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Digitization algorithm
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Discussion

● Is it okay if a sign variable (= ±1) is added to the Config file?

● Do we need to increase the pulse width?
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Discussion

edm4hep::

SimCalorimterHit

1. Regroup by primary Par.

2. Merge by z-segmentation
3. Attenuation

edm4eic::

SimPulse

Combining

pulses
edm4eic::

SimPulse

Adding noise

edm4eic::

SimPulse

Digitization (ADC, TOA, …) 

edm4eic::

RawCALOROCHit

Reconstruction

edm4eic::

CalorimeterHit

edm4hep::

SimCalorimterHit

1. Merge for each SiPM

2. Build pulse

✓︎

✓︎

✓︎

✓︎



Backup

14



Optimizing parameters

● However, the important thing is reproducing the pedestal mean and sigma if the HGCROC measures

the amplitudes every 25 ns.

● In addition, it would be good if the PulseNoise could generate a pulse height trend similar to Henry’s

simulation as a function of time.



Optimizing parameters

● Ideally, the FalphaNoise should generate noises at least every ~10 ns and pole should be ~30.

● In the SimPulse data model, the amplitudes were filled every 0.5 ns. → We may need a pole larger

than 30, but using a large value of pole will be quite inefficient.

● The pole was fixed as 2 for a fast operation and alpha & variance were optimized so that the

corresponding distributions reproduce Henry’s plots.



Reproducing Henry’s plots

● Since the FalphaNoise provides a ± fluctuation, an offset of 8.0 was applied to the sample.

● For a given alpha, the variance was set so that the pedestal distribution provides comparable σ.

● If alpha is too low, the Pulse height vs. Time distribution looks different from Henry’s plot.

● If alpha becomes about 1.9, the distribution gets similar.
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Reproducing Henry’s plots

● For a given alpha, the variance was optimized so that the pedestal distribution provides the same. σ.

● The distribution in a large time scale is also comparable.
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Reproducing Henry’s plots

● The shape is a little different because FalphaNoise doesn’t generate the pulse shape, but the diff-

erence affecting the HGCROC measurement should be negligible.

● The parameters for PulseNoise will be optimized as presented so far. If agreed, submit PR for

PulseCombiner and PulseNoise. → Start implementing CALOROC algorithm.
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BIC data volume (18x275_minQ2_1000)

Branch Size (MB)

Total 35

EcalBarrel* 14

Without Att.Hits and Pulses

Branch Size (MB)

Total 58

EcalBarrel* 36

With Att.Hits

Branch Size (MB)

Total 45

EcalBarrel* 23

With Att.Hits (Unnecessary values were set to 0.)

Branch Size (MB)

Total 64

EcalBarrel* 42

With Pulses (timestep = 0.5 ns, thres = 1.0e-5)

Branch Size (MB)

Total 48

EcalBarrel* 27

With Pulses (timestep = 1.0 ns, thres = 5.0e-5)

Branch Size (MB)

Total 39

EcalBarrel* 17

Excluding RawHits
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