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Dual Phase Liquid Argon Time Projection Chamber
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Dual Phase Liquid Argon Time Projection Chamber

why argon?
1. noble gas → drift electrons

over long distance
2. transparent to its own

scintillation light
3. relatively cheap (atmosphere:

1 % argon)

2 perpendicular readout
views + time info → 3D
reconstruction
high spatial and calorimetric
resolution (channel pitch: 3
mm)
scalable to large masses
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Charge readout plane (CRP)
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long term goal: DUNE (2028)

DUNE far detector:
4 (DP) LAr TPC’s
12 meter charge drift
10 kton fiducial mas
accelerator ν’s (δCP),
nucleon decay, SN ν’s
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DP LAr TPC R&D program towards DUNE
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The 3x1x1 m3 prototype at CERN

Operation: June 2017 - December 2017
Goal: demonstrate DP LAr TPC technology on large scale
(cryostat, cryogenics, HV, charge readout and feedthroughs)
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The next prototype: protoDUNE (6x6x6 m3) at CERN

Data taking: 2018 / 2019
Main goals:

demonstrate electron drift over 6 meters
hadron beam: measure cross-sections and reconstruction efficiencies
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3x1x1 m3: installation, commissioning and operation
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3x1x1 m3 timeline: installation and commissioning
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3x1x1 m3 timeline: operation
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3x1x1 m3 timeline: operation
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Data set

400 000 events in more than 100 different HV configurations:

purity and uniformity analysis: 38 000 events with PMT trigger
charge-light matching: 45 000 events with CRT trigger
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3x1x1 m3: Data reconstruction
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Noise filter
Raw data: slow baseline fluctuations and coherent noise

After baseline flattening and coherent noise removal:
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Hit finding and 2D pattern recognition
Hit finding: peaks are fitted and filled into a 2D histogram

2D pattern recognition: group of hits = ”cluster”
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3D reconstruction

3D reco matches two clusters from the two readout views
→ two clusters need to have similar start and end times

each hit inside a 3D ”track” is given a 3D coordinate (x,y,z)
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3x1x1 m3: Data analysis
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Argon purity: why is it important?

impurities in LAr such as O2 and H2O capture electrons

Ne−(t) = Ne−,0 · e−t/τe−

τe− ≈ 300 µs
ρO2 [ppb] , 1 ppb of H2O = 17 ppb of O2
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→ high argon puritiy essential for long drift distances (DUNE: 3 ms)
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Argon purity: analysis

select through-going tracks (top to bottom)
from 3D reco: calculate dQ/ds for each hit of the track:

divide drift time into 20 bins, exclude first and last two bins
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Argon purity: analysis

dQ/ds for one drift time bin Fitted mean vs. drift time

fit dQ/ds distribution for each drift time bin with Gaussian
→ plot fitted mean of each drift time bin vs. drift time
→ fit with f (t) = A · e−t/τ

measured electron lifetime: τ = (5.1± 0.2) ms
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Charge readout uniformity: why is it important?

LEM thickness can vary
→ different LEM gains across the CRP

Extraction process depends on the extraction field in liquid:

Eliquid = ∆V
dL

(
1− εL

εG

)
+D εL

εG

charge readout plane (CRP) can be tilted w.r.t. liquid level
→ different extraction fields and efficiencies across the CRP

other possible scenarios
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Charge readout uniformity: analysis

from 3D reco: calculate dQ/ds for each hit in view 0:

corner LEM’s were at lower amplification field for this run
dead areas between LEM’s clearly visible (each 50 cm)
uniform charge response
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Charge readout uniformity: analysis

from 3D reco: calculate dQ/ds for each hit in view 1:

after opening the detector we found a loose screw
→ less tension on extraction wires in highlighted area
→ charge focussing disturbed

comparison with view 0: equal charge sharing between readout
views
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Charge-light matching

for tracks recorded with cosmic ray tagger (travelling along 3 meter
side), we have matched the charge and light signal
PMT charge: sum of S1 and S2 over all PMT’s
TPC charge: hit integral of all reconstructed hit
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Summary

1. First large scale DP LAr TPC was successfully operated

2. We have learned valuable lessons from the 3x1x1 m3 for
protoDUNE and DUNE

3. Good argon purity will allow charge drift over several 10m

4. No problems with charge readout uniformity and charge sharing

5. Technical paper will be published soon

6. Analysis paper will follow later this year

Thank you!
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