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The Deep Underground Neutrino Detector (DUNE):| junE s a long-baseline Liquid Argon

Time Projection Chamber (LArTPC)

neutrino oscillation experiment. R T p—
lts near detectors, located at Fermi National 4 T { — \ =
Laboratory, will constrain systematic | I S s N R
errors on far detector measurements. The
2x2 Demonstrator, a novel proof of
concept prototype for the ND LArTPC, has a
modular TPC design that mitigates
event pileup in a high-occupancy
nearline beam enviroment, further aided by a
native 3D pixelated charge readout

and a 30% coverage, low profile light | 2x2 Demonstrator': 104m belowground, four
readoult. Th'S W]” be .the first Iargg-scale LArTPC | modular LArTPCs sit between muon tracking MINERVA
to utilize pixels in place of wire planes. planes, centered in @ muon anti-neutrino beam.

Single Module: Light Readout System (LRS) Design:

Top View .
Left: From top to bottom, 3 | The 2x2 Demonstrator LRS utilizes 384 Hamamatsu S13360-6050PE

il LcM, 1 ACL, 3LCM, 1ACL = | sillicon photomultipliers (SiPMs) and two alternating types of
{4 24 SiPM channels evenly dielectric light trap:

distributed along each side of

the TPC anode. ArCLight® (ACL)

Bottom: 8ACL, 24LCM=9 | | pimension: 30cm x 50cm x 1cm

SIPM Channels in one module. | | o annels: 6 SIPM Channels distributed evenly along anode edge
Strengths: Spatial Resolution
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Light Collection Module* (LCM)

Dimension: 10cm x 50cm x 1cm U T
Channels: 2 SIPM channels distributed evenly along anode edge, TPB

coupled by wavelength shifting fiber ArCLight Light Collection
Strengths: Timing resolution, higher photon detection efficiency (ACL) Module (LCM)
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Original LCM Waveform: Pedestal Subtracted Timing RQSOI“tiOI‘I a“d Charge'l'ight MatChing:

LCM channel pairs coupled to the same WLS fiber will record
light peaks occurring at the same time tick, within a range of
error; this defines the LRS timing resolution. Right:
precise timing of an LCM peak determined via oversampling.
Below?: Timing differencials between coupled LCM
- channels across various peak amplitudes.

DUNE:ND-LAr 2x2 Preliminary LCM Waveform
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Step 1: Apply Wiener Deconvolution to the LCM Waveform

Step 2: Over-Sample

and Linearize Rising Edge
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g Stopping muons? with Michel electrons can be
e 5 S SR SN SRR SN SN S SO S 3 oot S S 4 identified using just the light readout. The muon and
= e W A electron peak separation is determined by the muon
L T T T T U U U A T N lifetime, which follows an exponential distribution with a

~f00 120 140 160 180 200 220 B . . _ ,
Standard Deviation [ns] mean of 2.2 ys—a clear signature given ns-scale resolution.
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DUNE:ND-LAr 2x2°

Entries 87

| top and bottom of each | | | | Std Dou (o S Doy o 10n

DUNE TPC are flashed or ::fir;' e rae | Integral 87
| fed a sustained current - T PO 192.2 5.9 | | x? / ndf 34.84 /97
while SiPM channels 2 1o S
opperate over a range o s Sigma  9.143 = 0.694
of overvoltages. In this PS5 tas2=042 : 5
way, overvoltage s |
optimized for each
channel, and channel
uniform gain can be S L | | | 5
applied ~ across  the 000108200 500 400500 600" 700500 500 S0 W0 200
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