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DETECTOR CONCEPT

• Pressurised argon gas TPC inside a ~65 m3 titanium vessel. 
• Holds ~1 tonne of argon at 10 bar. 
• Momentum measurement with magnetic field. 
• Particle identification using dE/dx. 

• Sampling calorimeters (plastic scintillator and Pb) surrounding vessel. 
• Detection of neutrals leaving TPC. 
• Time-stamping of TPC tracks. 
• Barrel and upstream calorimeters: 10 X0. Downstream: 20 X0. 

• Dipole magnet (0.4 T) surrounding detectors.  
• Heavy copper coils and iron return yoke.
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GEANT4 GEOMETRY MODEL 4



SUMMARY OF THE 3RD RUN-THROUGH 5

• Main objective: improve the realism of the simulation data 
with respect to previous productions. 
• Simulation of backgrounds (cosmics, beam events in 

passive detector materials and cavern). 
• MC truth smearing and reconstruction. 
• Event selection based on reconstructed data.



PSEUDO-RECONSTRUCTION: MOMENTUM
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For tracks of length L and with N measurements. 
Resolution better than 5% for long 1-GeV tracks.
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PSEUDO-RECONSTRUCTION: DE/DX

Rep. Prog. Phys. 73 (2010) 116201 H J Hilke

Figure 26. PID from ionization measurements (dE/dx) in the PEP4
TPC. (Reprinted with permission from [15]. Copyright 2008, The
Regents of the University of California.)

calculated straggling functions for different sample lengths x
in argon. As these distributions are normalized to x, the mean
loss ⟨!/x⟩ is the same, but the most probable loss changes.
This means that straggling functions cannot be scaled with
a single parameter (e.g. Imp). It turns out, however, that a
2-parameter scaling is adequate [77].

The quality of PID is determined by the separation power
D with

D = (IA − IB)/[σ (IA) + σ (IB)]/2, (3.5)

i.e. the separation of particle types A and B expressed in num-
ber of standard deviations. For the PEP4 TPC, the best K- π
separation obtained was about 3σ (Iπ ) with σ (Iπ )/Iπ = 3.0%
for minimum ionizing pions [64]. Figure 30 shows for a
number of gas mixtures the measured separation power at
15 GeV/c, obtained from the lowest 40% pulse heights from
64 samples of 4 cm length [78]. The relativistic rise at 1 atm is
highest for noble gases, around 1.6–1.7 with respect to the min-
imum dE/dx. The low-Z molecular gases show better resolu-
tion σ (I ) but have a lower relativistic rise. There is no ‘magic
gas’ with outstanding PID properties in all respects, although
there are significant differences. For the choice of gas in a par-
ticular experiment, other characteristics such as diffusion, drift
velocity and radiation length will enter, in addition to PID.

For rough estimates of the relative truncated mean
resolution σ (I )/I as a function of pressure p, sample size d
and number N of samples in mixtures of Ar with 10–20% CH4

the following relation has been derived from the PAI model for
pure argon [75]:

σ (I )/I = 0.41(pd)−0.32N−0.46 = 0.41(pL)−0.32N−0.14,

(3.6)

where L is the total length over which I is measured. To allow
comparison of different gases, an extension was proposed:

σ (I )/I = 0.345(Apd)−0.32N−0.46,

with A = 6.83νpD/(β2I ), (3.7)

where ν is the mean number of electrons per molecule. For
He, Ne, Ar, Kr and Xe, A = 0.32, 0.50, 0.62, 0.65 and 0.70,
respectively. Values obtained from these theoretical relations
based on a likelihood treatment were intended as a guide only
to estimate best possible resolutions. Based on experimental
results, it has been argued that below a sample size of about
5 cm atm in argon the gain in resolution is negligible [79].
More recent studies, however, indicate that sampling down
to 0.5 cm atm still improves the accuracy [80].

Table 4 gives an overview of the PID performance of some
TPCs. Included are also the jet chamber of OPAL at LEP and
two big detectors, the EPI and ISIS2, which were dedicated to
dE/dx measurements with only restricted tracking capability.
The best measured values for σ (I ) are compared with the ideal
resolution obtained from the relations cited above, assuming
the maximum number Nmax of samples can be used. The last
row shows the calculated resolution for the case that only 70%
of Nmax samples are useful, which is closer to reality in most
cases. The measured values are very close to these theoretical
numbers. For PEP4 and EPI, the best values are obtained for
very clean tracks, where the assumption of Nmax contributing
samples is reasonable.

4. Particularities of some TPCs

4.1. Global aspects

Many TPCs have been constructed. They may be grouped
crudely according to the type of experiments they were or are
part of.

(a) Electron/positron storage rings: PEP4, TOPAZ, ALEPH
and DELPHI.
These experiments demanded large TPCs but had to
handle only low rates of events with multiplicities of
2–30 charged tracks. Their designs are similar. PEP4
and TOPAZ were pressurized to maximize PID. ALEPH,
the largest of these four TPCs, with the longest drift
length (2.2 m) of all TPCs up to now and DELPHI put
emphasis on momentum resolution, pattern recognition
and reduced material in front of other components and
chose operation at 1 atm. The size of the DELPHI TPC had
to be reduced because of the addition of a RICH for more
powerful PID. Both ALEPH and DELPHI used circular
pad rows to improve spatial resolution. ALEPH chose
longer pads for better momentum resolution at the highest
energies, DELPHI preferred shorter pads for better two-
track separation of lower momentum particles.
A reconstructed event from the PEP4 TPC is shown in
figure 31.

(b) Heavy ions: fixed-target and collider experiments.
Medium-sized and large TPCs have been used in a number
of fixed-target experiments: EOS/HISS at the BEVALEC,
the BNL 810 TPC at Brookhaven and NA35, NA36 and
NA49 at CERN. A very large TPC is operating for STAR
at Brookhaven and an even larger one, ALICE, is ready for
data taking at the LHC at CERN. All these TPCs have to
handle high particle multiplicities up to several thousand
per event in STAR and even more in ALICE. They use(d)
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(Energy of short, contained tracks 
can be measured by range.)
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PLANS FOR 4TH RUN-THROUGH 12

• Ongoing technical work on simulation code. 
• Shrink output files by reducing the amount of stored 

information.  
• Pre-process ECAL showers for simpler use in analysis. 

• Pick low-hanging fruits. 
• For example, a few selection samples are empty: must be 

an easy-to-fix bug. 
• Revisit neutrino energy reconstruction to understand 

resulting energy resolution. 
• …



PLANS FOR 4TH RUN-THROUGH 13

• Can we improve the realism of our pseudo-reconstruction? 
• Dedicated studies using existing tools (TREx, RecPack…) could be used 

to extract performance figures (e.g. spatial and angular resolutions).

TREx at work
Do we think TREx is up to the task?

Gas interaction with a cleanly reconstructed vertex and correctly associated tracks in 
a high background event: Input are G4-simulated Hits with voxelisation of 1x1x1cm
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PLANS FOR 4TH RUN-THROUGH 14

• Can we improve the realism of our pseudo-reconstruction? 
• The selection of ECAL showers has been cheated so far (picking only 

those coming from pi0’s). Overlapping showers will have an impact.



BEYOND THE TASK FORCE 15

• Recently-created GArTPC WG meeting now regularly 
(Tuesdays, every other week). 

• Brian Rebel working on art-ified software framework. 

• We’re planning to study alternative detector configurations: 
• Light magnet proposed for LArTPC-ND. 
• Alternative ECAL designs. 
• …


