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MotivationMotivation

♦ Can use spatial offsets at TPC faces as “smoking 
gun” for space charge effects @ ProtoDUNE

• Analysis is simple – use start/end points of t0-tagged 
tracks (cathode crossers for now), look at transverse 
deviation from TPC face position

♦ Can also use spatial offsets at TPC faces for simple 
SCE calibration

• Use data/MC offset ratio at faces to obtain “scale factor 
map” for each of four faces

• Use bilinear interpolation of scale factor maps to obtain 
per-voxel scale factor throughout 3D volume

• Scale simulated (“true”) 3D SCE correction map by scale 
factors to obtain data-driven correction map

♦ Our goal:  prepare this in two weeks
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Applying CorrectionsApplying Corrections

♦ SCE corrections implemented for MicroBooNE 
(spatial offsets and E field impact on recombination)

• Validated with MC, perfect calib – see above (reco = calib)

♦ Plan is to use same implementation for ProtoDUNE
• Hannah porting from MicroBooNE (straightforward)

Missing Scale
Factor Here

(Why dE/dx Not 
At “Correct” 

Value)Extremely
Preliminary
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Updating MapsUpdating Maps

♦ In order to make first pass calibration with TPC face 
offsets, must procure precise offset maps at all faces 
for both data and MC

• Repeat studies from before for both data and MC

• For data, combine all runs from before that have cathode 
at 180 kV (as no significant variation found run-to-run) 

– Yields ~1M cathode crossers

• For MC, run three variations: SCE off, SCE on and fluid 
flow off, SCE on and fluid flow on

– Uses MCC11 reconstructed files (80-90k events each)

– Also yields ~1M cathode crossers for each variation

♦ Many thanks to Francesca and Stefania for 
preparing data samples and to Richie for preparing 
MC samples!
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Sides of Active TPCSides of Active TPC

♦ Plot start/end points of cathode-crossing tracks
• Anode plane not at +- 360 cm?  Drift velocity wrong!

• Other data/MC differences… we should update our 
simulation!

Detector Measurement Data Value MC Value

TPC Active Top Edge 604.0 cm 606.9 cm

TPC Active Bottom Edge 5.2 cm 7.8 cm

TPC Active Upstream Edge 0.7 cm 0.0 cm

TPC Active Downstream Edge 694.7 cm 694.7 cm

TPC Active Pos. Drift Length 371.9 cm 358.3 cm

TPC Active Neg. Drift Length 369.6 cm 358.3 cm

Note:  drift length offset in data can be explained by ~2 K offset in 
temperature in calculating assumed drift velocity (e.g. 87 K vs. 89 K 

→ 3.5% bias); are we using the correct value in reconstruction?
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Data ResultsData Results
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Data CoverageData Coverage
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No-Flow MC Results No-Flow MC Results 
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No-Flow MC Coverage No-Flow MC Coverage 
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With-Flow MC Results With-Flow MC Results 
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With-Flow MC Coverage With-Flow MC Coverage 
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No-SCE MC Results No-SCE MC Results 
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No-SCE MC Coverage No-SCE MC Coverage 
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DiscussionDiscussion

♦ Some conclusions from looking at updated maps:
• In both data and MC, coverage near anodes is limited; 

really need anode-piercing tracks included (will be 
important for producing precise scale factor maps)

• SCE in data looks more pronounced with finer binning 
(up to 35-40 cm offsets in certain places!); on average 
roughly 50% larger than prediction

• Offsets seen in data do not match predictions from liquid 
argon flow simulation – maybe we can use observation to 
improve liquid argon flow model?

• Map edges need to be trimmed (fill in with extrapolation 
after producing scale factor map via data/MC ratio)

♦ Major to-do items:  get anode-piercing tracks 
working with data, finish ProtoDUNE SCE 
calibration implementation in LArSoft (close!)
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BACKUP
SLIDES
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Samples AnalyzedSamples Analyzed

♦ Hannah ran SCE study code on processed runs
• Includes 5141, 5308, 5341, 5430, 5759, 5780, and 5841

• Also ready to analyze, but not included:  5442 and 5826

• Most cosmic data not reconstructed... request this?
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Detector ConditionsDetector Conditions

♦ Francesca pointed us to Kevin’s plot on detector 
conditions throughout ProtoDUNE data-taking 
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Cathode-Crossing TracksCathode-Crossing Tracks

♦ Plot start/end points of cathode-crossing tracks in 
Run 5841

• Roughly 240k tracks in 57k events

• Anode plane not at +- 360 cm?  Longitudinal SCE offset?
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Anode-Piercing TracksAnode-Piercing Tracks

♦ Plot start/end points of anode-piercing tracks in 
Run 5841(includes relative flash timing cut of 1 μs)

• Only 28k tracks in 57k events – tune flash cut!!

• Anode plane at +- 360 cm due to use in t0 determination
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