
WireCell Signal Processing (SP) Chain

The Short Baseline Near Detector (SBND), a 112 ton liquid argon time 
projection chamber (LArTPC), is the near detector of the Short Baseline 
Neutrino Program [1]. In a LArTPC, ionization electrons from a charged 
particle interaction drift along electric field lines, inducing bipolar signals 
on induction wire planes and a unipolar signal on the collection wire 
plane. These measured signals must undergo noise filtering, 
deconvolution, and signal processing to recover the original ionization 
signal. WireCell, a software package developed for LArTPCs, implements 
2D deconvolution (in time and wire dimensions) to correct for the inter-
wire induction field effects inherent to LArTPC signals [2]. 

2D Detector Response: Time & Wire Dimensions
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oscillations indicative of the existence of sterile neutrinos, measurements of neutrino-argon inter-
actions, and searches for physics beyond the standard model such as heavy neutral leptons and
millicharged particles. The closest detector to the beam dump in SBN will be SBND, the Short-
Baseline Near Detector, which is currently under construction and will join the existing downstream
detectors MicroBooNE [5] and ICARUS T-600 [6].

The SBND detector is a single phase LAr TPC with an active mass of 112 t, shown in figure 1.
A detailed description of the full detector and its design justifications can be found in [2]. The TPC,
which is fully immersed in liquid argon, consists of a central 5 m ⇥ 4 m cathode wall formed of two
2.5 m ⇥ 4 m cathode plane assemblies (CPAs) in between two anode walls, each 2 m away from
the cathode. The anode walls are also 5 m ⇥ 4 m in dimension, and each consists of two 2.5 m ⇥
4 m anode plane assemblies (APAs). The CPAs are held at �100 kV with the APAs at ground. The
resulting 500 V/cm electric field causes ionisation electrons produced by the passage of the charged
particles through the liquid argon to drift to the APAs, where they are read out.

Figure 1. A model of the SBND TPC, showing the positions of the anode plane and cathode plane assemblies
(APAs and CPAs).

To achieve the readout, the side of the APA that is facing the CPA is covered with three layers
of wires, forming a grid as shown in figure 2.

The two layers closest to the cathode, called the U layer and V layer, have wires spaced by 3 mm
and at ±60 degrees to the vertical. These are induction layers, and the wires produce a di�erential
current pulse as the ionisation electrons drift past. The layer furthest from the cathode, called the
Y layer, has its wires running vertically, again spaced by 3 mm. This is the collection layer, and the
wires produce a unipolar current pulse as the ionisation electrons are collected onto them [7]. As
shown in figure 3, the wires are read out by electronics boards on the top and outside vertical edges
of the APAs. Where the two APAs in each wall meet each other, ‘wrap’ boards form a one-to-one
connection between induction wires on each APA, so that the entire anode wall acts as a single grid.

The pattern of observed current pulses allows the position of the ionisation on the anode wall
to be reconstructed with millimeter precision. To reconstruct the distance from the anode wall at
which the ionisation occurred, the arrival time of the ionisation electrons at the anode (which takes
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The raw digitized TPC signal is a convolution of the arriving ionization electron distribution (time 
dimension), the field response describing the induced current on wires from moving charge (wire 
dimension), and the overall electronics response [2]. 

The position-averaged convolved 
field and electronics response for the 
U plane in SBND. 

Central wire response function for a single electron 
including (a) no neighboring wires or (b) [-10, +10] 
neighboring wires. 

2D deconvolution: To extract the true signal  from the 
measured signal , one applies the inverse of the 
response matrix  using Fourier transform techniques.
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To optimize the SP chain in SBND, we simulated minimum-ionizing particles in known  bins to 
maximize the charge extraction performance (bias, resolution, failure rate). We performed coordinate 
descent over SP filter (e.g. HF Wiener, LF, wire filters, etc.) values to determine optimum parameters. 
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Mi(ω) = . . . + R1(ω)Si−1(ω) + R0ωSi(ω) + R1(ω)Si+1(ω) + . . .
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Geometric coordinates and 
angles. The  angle of the 
ionization affects the signal 
shape on the wires. 
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The main steps of SP are 2D deconvolution, high-frequency (HF) filters, 
low-frequency (LF) filters, and region-of-interest (ROI) finding. ROIs are 
implemented to limit LF noise and preserve charge extraction [2]. Filter 
functional shapes also shown in both the time and frequency domain. 

Model of the SBND detector [3], 
showing the positions of the 
anode plane and cathode plane 
assemblies (APAs and CPAs). 
Wires are located on the APAs. 

Layering of wires in SBND. U is 
the first induction plane, followed 

by V, and W is the collection 
plane. Wires are separated by 3 

mm in each plane, and induction 
planes are rotated 60  from W. ± ∘

Optimized Signal Processing Performance 

Raw waveforms include 
noise, electric field response, 
electronics response, and 
signal. 

2D deco. includes a wire filter, 
which determines the # of 
neighboring wires to use. 

The timing of the signal 
peaks is clearly resolved in 
the output waveform.
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Comparison of true, raw, and 
deconvolved waveforms with 
corresponding 2D event 
displays. The unphysical 
negative features of the 1D 
deco. are visible, as well as the 
improved “shadow" removal of 
the optimized 2D deco.

Fractional charge difference 
distribution for .θxz ∈ [0,5]

Bias and resolution of charge extraction using 
optimal SP filter values for all angular bins.
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