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Setting the Scene

DriftElectrons Module:

Simple simulation module which:
- calculates charge deposit per voxel based on energy losses of particles in LArG4
- models charge losses / quenching due to recombination effects
- models loss or diffusion of charge along drift direction
- determines charge arriving at each wire in wire planes

LAr



  

Recombination

- LArG4 outputs the total energy lost by particles traversing each voxel in the event. 
These losses are assumed to be due to ionization deposits.  

- Liberating an ionization electron costs some amount of energy – at low energies and 
charge densities, the relationship between number of electrons freed and the energy loss 
by an ionizing particle is ~linear.

- For higher energy losses, the track core has a large positive charge density, and so 
recombination of the freed electrons can take place.  This leads to an asymptotic charge 
density per track length at high dE/dx

- The relationship between the energy lost along some small track length, and the 
ionization charge liberated, is well modelled by the relationship below, with A~0.8 and 
k~0.097 cm / MeV
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Recom in DriftElectrons



  

Recom in DriftElectrons



  

Recom in DriftElectrons



  

The Problem

Current Implementation True Geometry
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Mismeasurement at different 
DeltaX Values

How badly the LarSoft approximation mismeasures the charge per voxel depends on several 
different things:

1) dE/dx of track
2) Voxel size
3) Voxel geometry (isotropic / nonisotropic)

Also, most importantly, the discrepancy in one voxel is a function of DeltaX (track length in 
voxel).  For standard LarSoft voxels, we can look at the charge measured per voxel at 
different DeltaX values using the approximate and true length calculations:



  

Mismeasurement at different 
DeltaX Values



  

Toy Monte Carlo

- Plots on previous page were analytical results for one voxel.

- Now move to tracks penetrating multiple voxels using a home-brewed C++ monte carlo.

- This assumes straight line tracks, which can be set to either constant dE/dx or Bethe 
Bloch energy losses, moving through a voxelized space, and records energy losses and 
charges from the true length and voxel width approximation, per voxel.

- These results are simplificiations, and this MC is only intended to give an idea of the 
scale of the problem and assess the best direction to pursue.  The real systematic error in 
track energy resolution needs to be assessed in LarSoft once a solution is chosen.



  

Simple Geometry Investigation

- Luckily, the majority of tracks through a cuboidal voxel have DeltaX near to 1, so perhaps it 
isn't as bad as it looks.
- For random tracks, how are the DeltaX values distributed?

1 x 1 x 1 voxel



  

Angular Dependence

- Higher angle tracks will in general have a bigger discrepancy per voxel... Also interesting to 
look at DeltaX distribution as a function of angle

1 x 1 x 1 voxels



  

Nonisotropic Voxels (1)

In theory, LarSoft supports nonisotropic voxels.  In practice, even if we can get away with the voxel 
length approximation for isotropic case, oblong voxels will totally ruin the charge measurement.

5 x 5 x 1

1 x 1 x 5



  

Nonisotropic Voxels (2)

In theory, LarSoft supports nonisotropic voxels.  In practice, even if we can get away with the voxel 
length approximation for isotropic case, oblong voxels will totally ruin the charge measurement.



  

Tracks

- Energy deposits in isolated voxels are not very interesting.  What we really care about are the 
collective voxels from a track.

- Start by generating tracks of constant dE/dx at several reasonable values. Then we can ask what 
total charge we measure by summing the charge in all voxels.  If we are lucky, some voxels will 
fluctuate high and others will fluctuate low, leading to a reasonable agreement between the two 
methods.



  

dE/dx = 2 MeV / cm

dE/dx = 20 MeV / cm

Vx Approx

True Length method

Track Energy Track Energy
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dE/dx = 2 MeV / cm



  

dE/dx = 2 MeV / cm

Energy / Charge

Track Angle



  

dE/dx = 20 MeV / cm

dE/dx = 20 MeV / cm

Vx Approx True Length method

Track Energy Track Energy
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dE/dx = 20 MeV / cm



  

dE/dx = 20 MeV / cm

Energy / Charge

Track Angle



  

dE/dx = 100 MeV / cm

dE/dx = 100 MeV / cm

Vx Approx True Length method

Track Energy Track Energy

QQ



  

dE/dx = 100 MeV / cm



  

dE/dx = 100 MeV / cm

Energy / Charge

Track Angle



  

Bethe Bloch Tracks

- The previous results were nice for illustration, but real particle tracks do not have 
constant dE/dx.

- Instead we apply Bethe Bloch energy losses within the same framework.

- We only bother with highly ionizing particles (here I use protons), since the 2MeV/cm 
const dE/dx result has already convinced me that the energy measurement for MIPs is 
not at risk



  

Bethe Bloch Protons

Vx Approx True Length method

Track Energy Track Energy

QQ



  

Bethe Bloch Protons



  

Bethe Bloch Protons

E = 40MeV E = 100MeV E = 300MeV

Energy / Charge
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Nonisotropic voxels

3 x 3 x 3 mm

2 x 2 x 6.7 mm



  

Per Voxel Effects

An important note at this point:

- Remember that cumulative charge along the track is not the only important quantity.

- LarSoft reconstruction starts with hitfinding and cluster finding algorithms which have to start 
out with single wire level information.  Hence their efficiencies definitely depend on individual-
voxel level effects.

- Obviousely the effects will be most visible for low energy tracks where the high dE/dx region 
is the largest fraction of the track. 

- Lets look at the charge-per-voxel distributions for the true length method and the voxel width 
approximation for different track energies



  

Charge per voxel
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Charge Per Voxel at Different 
Energies



  

Charge Per Voxel
200 MeV 400 MeV



  

Summary

The take home message:

Charge measurements of tracks made from summed voxel deposits can be compared 
between data and monte carlo by folding in a relevant systematic uncertainty of a few % 

in energy resolution.

BUT

The charge distribution across different voxels is also affected when using this 
approximation.

DBSCAN and other low level reco algorithms will in general behave differently for data 
and for voxel-length recombination approximated monte carlo.

Effects on clustering etc may be nontrivial

Efficiencies etc derrived from monte carlo cannot be applied to data for non-MIPs, without 
a detailed study of these sort of effects.
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