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Some lessons learned from some (recent) gas
TPCs...

From Mary’s slides on Tuesday: “Identify candidate Phase II ND designs and assess their
maturity and R&D needs: For e.g. ND-GAr, SAND upgrades for scattering physics..”

These slides: Some comments on the gas filled TPC as a candidate technology
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Outline

▶ The white paper ND-GAr (and the ALICE TPC)

▶ Comments on TPC performance

▶ How to amplify and readout the signals of the
primary ionisations

▶ The counting gas

▶ TPC calibration

▶ Summary
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TPC designs
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▶ Readout chambers (ROCs) of pre-Run3
ALICE TPC were/are considered for
ND-GAr

▶ ND-GAr shape influenced by the
ALICE TPC design (→ collider TPC)
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▶ Readout chambers (ROCs) of pre-Run3
ALICE TPC were/are considered for
ND-GAr

▶ ND-GAr shape influenced by the
ALICE TPC design (→ collider TPC)

(ALICE looks to the skies (part II))
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▶ Readout chambers (ROCs) of pre-Run3
ALICE TPC were/are considered for
ND-GAr

▶ ND-GAr shape influenced by the
ALICE TPC design (→ collider TPC)

(Study of muon bundles from extensive air showers with ALICE detector at

the LHC, Katherin Shtejer Diaz)
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Other shapes are available

T2K ND280 TPCs
NIM A 637 (2011) 25–46
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TPC performances and DUNE ND needs

▶ Performance comments: Next slides
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TPC performances and DUNE ND needs

▶ Performance comments: Next slides

▶ Requirements for the DUNE ND: Not
yet precisely defined, but:

▶ Needs to track µons from ND-LAr

▶ Measure ν-nucleus scattering cross
sections → charged πons, Kons,
protons
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TPC performances and DUNE ND needs

▶ Performance comments: Next slides

▶ Requirements for the DUNE ND: Not
yet precisely defined, but

▶ Needs to track µons from ND-LAr

▶ Measure ν-nucleus scattering cross
sections → charged πons, Kons,
protons

▶ ... also measure neutrons, γs
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ALICE TPC: Particle identification and tracking resolution

The ALICE TPC at atmospheric
pressure:

dε/dx :

▶ 5.2% in pp collisions

▶ 6.5% in PbPb collisions, i.e.
high track densities

Transverse momentum:
▶ ∼ 6% for particles with

p ∼ 10GeV/c

▶ < 1% for particles with
p ∼ 1GeV/c
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PID for neutrino nucleus scattering cross section measurements

▶ Pressure ≫ 1 atm → width of the dε/dx will significantly reduce. (The reason PEP4
is still up on the top considering PID)

▶ PID for low momentum K±, π±, p can be expected to be excellent

▶ µon and πion separation may still be challenging

▶ µons from the ND-LAr should be not a problem

▶ The limiting factor will likely be the number of points recorded along a low momentum
track → requirements on the readout granularity, diffusion inside the gas mixture
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Readout chambers
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ALICE TPC multi wire proportional chambers

▶ 18 Inner and Outer ReadOut Chambers (IROCs/OROCs) per side

▶ Each has three wire planes: Anode wires, cathode wires and gating grid wires

▶ Pad sizes: 4× 7.5mm2, 6× 10mm2 and 6× 15mm2, in total 160 pad rows
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ALICE TPC multi wire proportional chambers

▶ 18 Inner and Outer ReadOut Chambers (IROCs/OROCs) per side

▶ Each has three wire planes: Anode wires, cathode wires and gating grid wires

▶ Pad sizes: 4× 7.5mm2, 6× 10mm2 and 6× 15mm2, in total 160 pad rows

▶ Ion back-flow expectation for a DUNE ND TPC? Will the corresponding
distortions still allow for the TPC to meet its requirement?
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New ALICE TPC ROCs: A continuously read-out TPC

▶ Quadruple GEM stacks

▶ Position 1 & 4: Standard GEMs

▶ Position 2 & 3: Large pitch (280 µm) GEMs

▶ Each GEM mask rotated by 90 ◦

▶ Gain 2000, gas mixture: Ne-CO2-N2 (90-10-5)
at atm

Old read-out schema at low rate: At 50 kHz:

Trigger 

time 

100 µs 200 µs Trigger Trigger 

time 

100 µs 200 µs 
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New ALICE TPC ROCs: A continuously read-out TPC

▶ Quadruple GEM stacks

▶ Position 1 & 4: Standard GEMs

▶ Position 2 & 3: Large pitch (280 µm) GEMs

▶ Each GEM mask rotated by 90 ◦

▶ Gain 2000, gas mixture: Ne-CO2-N2 (90-10-5)
at atm

Old read-out schema at low rate: Continuous readout:

Trigger 

time 

100 µs 200 µs Trigger 

time 
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Lessons already learned (and to learn) with GEMs:

▶ Standard GEMs at atmospheric pressure very mature,
mass production capabilities exist

▶ There is a large variety in GEMs – another already trained
example could be seen in Kosta’s talk

▶ GEMs operation in 10 bar operation will need some R&D
(people are on it; e.g. Tanaz slides, Diego’s slides, work in
Liverpool and Warwick, ....)

▶ Operation stability over the expected run time will need
thorough R&D

(Deisting)
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Optical and hybrid read-out

▶ Cameras: Integrated devices, high readout
granularity; a window replaces many feed-throughs

▶ Optical readout: E.g. Kosta’s and Diego’s slides

▶ Demonstration of 3D tracking with a TimePix in
100mbar CF4 (Liverpool)

▶ Hybrid readout: high granularity camera- and low
granularity charge readout (e.g. DMTPC):

∗ “Slow” camera readout and fast charge readout
→ 3D information
∗ Likely one would just use a TimePix à la Ariadne

▶ Still some lessons to be learned before a large high
pressure gas TPC can be build (Large interest to do
that: IGFAE, Liverpool, Warwick, ...)

(A. Roberts et al 2019 JINST 14 P06001)
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transparent cathode

amplification region

charge readout plane
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https://arxiv.org/abs/1911.04846
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