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Countries & Institutions
๏ UK: Liverpool, RAL, RHUL, Imperial, Oxford, 

Warwick, Lancaster, QMUL 

๏ Spain: IFAE, IFIC 

๏ France: Saclay 

๏ Switzerland: Geneva 

๏ Poland: Wrocław, NCBJ 

๏ Germany: Aachen
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Ongoing Efforts

๏ DUNE ND HPTPC 

๏ UK Prototype 

๏ T2K Analyses  

๏ T2K ND280 Upgrades
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DUNE ND TPC
๏ “Nominal” design 

๏ 10 bar cylinder; 5 m diameter, 5 m 
length 

๏ Surrounding ECal 

๏ Implemented in a Geant4 simulation 

๏ Truth-based reconstruction
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Reference Design
๏ Cylindrical vessel  

๏ 	5m length and 5m  
diameter  

๏ T2K gas mixture: 95% Ar + 
3% CF4 + 2% iC4H10  

๏ 10 bar  

๏ 0.0135 g/cm3  

๏ ~1.3 tons  

๏ Surrounded by plastic-lead Ecal 

๏ 35 layers, 1 cm thick 
plastic, 0.1cm thick lead  

๏ Magnetized – 0.4T; 50 cm iron 
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HP TPC basic design 
• Cylindrical vessel 

• Build from honeycomb 
aluminium panel 

• 5m length and 5m 
diameter 

• T2K gas mixture 
• 95% Ar + 3% CF4 + 2% 

iC4H10 
• 10 bar 
• 0.0135 g/cm3 

• ~1.3 tons 
• Surrounded by 

plastic-lead Ecal 
• 35 layers, 1 cm thick 

plastic, 0.1cm thick 
lead 

• Magnetized – 0.4T 
• 50 cm iron 

 

Vessel volume 

Magnet 

Ecal 
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Current ‘Reconstruction’
๏ Base a lot of 

reconstruction effects on 
T2K measurements 

๏ dE/dx 
๏ pμ resolution 
๏ Efficiency 
๏ etc… 

๏  Base ECal reconstruction 
on T2K ECal
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Mock reconstruction: Momentum 
resolution 
• Sagitta s=B×L2/(26.7×pt) 
• σs = 0.05 mm, σL = 0.6 mm 

(from T2K) 
• Smear s and L and calculate 

pt 

• Then p = pt/sinΘ, with Θ the 
polar angle between the track 
and the magnetic field (to be 
implemented) 
• In simulation assume that p has 

the same uncertainty as pt  
• First estimation of charge 

confusion if sagitta < σs 
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Muons Mock Reconstruction: dE/dx 
parameterization 
• Use T2K dE/dx parametrization 
• Plot from the HP TPC simulation at 10 bar using only G4 

hits (energy depositions) 
• To do: Truncate dE/dx 
• For the PID calculate the pull = [(dE/dx)meas – (dE/dx)exp]/σ 

14 



Ongoing work
๏ Check the TPC pulls for PID 

๏ Not centralized at zero 

๏ Truncate dE/dx  

๏ Efficiency loss from events without T0  

๏ Determine fiducial volume 

๏ Signal efficiency and background contaminations from 
Ecal and magnet  

๏ Interactions of neutral particles inside the gas volume 

๏ Gamma conversions 

๏ Neutron interactions etc.  

๏ Effect of the vessel
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How does this connect to DUNE?

๏ This is part of the ND Task Force 

๏ Produce simulated data and put it into 
the same fitting framework to 
determine systematics 

๏ Within about a year, there will be a 
report about building a ND (or suite 
of detectors)
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Opportunities
๏ Basically anything for the software! 

๏ Outer detector integration 

๏ Reconstruction 

๏ Readout simulation 

๏ Interfacing with neutrino cross 
section models
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UK Prototype
๏ Imperial, RHUL, Warwick, and 

Lancaster were awarded a 
grant from the Projects Research 
and Development Scheme in the 
UK 
๏ Physics goal: build something 

to put in a proton/pion test 
beam at CERN to measure 
p/π 

๏ Physics goal: do the ν 
generator and simulation 
development to evaluate 
impact on future experiments 

๏ Detector design: (0.5 m)
3 
to 

(1 m)
3 
TPC with optical and 

charge readout
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UK Prototype

๏ 5 bar 

๏ 0.5 m drift, 1m2 
readout plane 

๏ Primarily looking 
at Argon (easy 
and cheap) with 
plans to look at 
CF4, Ne, He…
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0.6m

1.2 m

fixed end:
1. pump port (6”)
2. 3 x 2.75” pressure gauge flanges
3. 1 x 2.75” gas inlet flange
(location not fixed)

cylinder body:
4. 3 x 2.75” high voltage feedthroughs
(location not fixed)

flanged end:
5. 5 x 8” quartz window flanges 

(optical feedthroughs)
6. 4 x 2.75” flanges for calibration/spares
(location fixed, 0.5 cm tolerance)

NOT TO SCALE

HPTPC Pressure Vessel

Thursday, May 29, 2014



Optical Readout
๏ Big problem is how to 

instrument a large gas 
volume 

๏ RHUL runs the DMTPC 
project, which uses CCD 
cameras to read out a 
gas TPC for dark matter 

๏ Pressures & energies 
scale correctly so that 
HPTPC can build on this 
work—if we can make it 
fast enough
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Other Notes and Timescale

๏ Investigating using Micromegas 
for readout plane 

๏ Construction will begin this 
summer on the detector 

๏ Data taking in late 2017
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Ongoing T2K Analyses
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Figure 5: Left: ⇡0 mass from NC⇡0 events for one nominal year (750 kW ⇥10

7 seconds). Right: T2K ND280
data event display showing a neutrino interaction on argon in the TPC gas. The neutrino beam goes from
left to right in the figure; the subdetector volumes shown are the Pi0 Detector (yellow) at far left, three gas
TPCs (cyan) interspersed with the two fine-grained scintillator detectors, and the downstream electromagnetic
calorimeter (magenta) at far right. Track 1 is reconstructed as a proton with momentum 271 MeV, and track
2 is reconstructed as a muon of momentum 527 MeV. There is also a very low momentum, highly ionising,
track at the neutrino interaction vertex.

This detector will also achieve a very precise measurement of the ⌫e/⌫µ ratio of the order of a few percent,
providing an estimate of the intrinsic ⌫e beam contamination and constraining cross section systematics due
to differences in ⌫e and ⌫µ interactions.

Finally, there are a range of further important studies that TITUS will be able to address and that we will
investigate in this project. In particular, the measurement of the number of neutrons produced by neutrino
interactions in water as a function of momentum transfer will be a critical for understanding the backgrounds
in proton-decay searches; atmospheric neutrinos; supernova neutrino measurements and reactor neutrino
measurements that would be possible if a reactor were operating nearby. TITUS can be included in the
SNEWS (SuperNova Early Warning system), as an additional detector sensitive to neutrinos from a SN burst.

The development of the simulation, reconstruction and analysis software for TITUS will also provide im-
portant input to the far detector both for the case of the current baseline (WC) or a Gd-doped option.

In parallel to the detector optimisation study, we have started to investigate potential sites at J-PARC and
the excavation costs together with KEK personnel.

Photosensors and Electronics
The aim of this task is to finalise the R&D on the photosensors for the WC near and far detectors. The
different physical scales of these detectors leads to different requirements on the design of the light collection
technology. Given the size of the Hyper-K tank, large photosensors and the use of devices to increase their
photon coverage (such as mirrors) are needed in order to limit the total number of photosensors used in the
detector. TITUS is 500 times smaller than Hyper-K and requires excellent temporal and spatial resolution in
order to determine the vertex position. In addition, both detectors will use photosensors external to the main
tanks that are required to tag external background events.

The Advanced Detector Development Centre in Edinburgh will lead the investigation and characterisa-
tion of the properties of 800 and 2000 hybrid photo-detectors (HPDs) from Hammamatsu, for the near and far
detectors, respectively. In particular, measurements of the quantum efficiency, linearity, light collection effi-
ciency, dark count and cross-talk will be made. Particular attention will be dedicated to the performance of
the instruments in the presence of magnetic fields (for a magnetic field from a MIND-type detector and from
the Earth) and under water, mimicking the final operational conditions as closely as possible. Based upon
the results of these tests, magnetic shielding scenarios will be developed. Since control of the instruments’
radio-purity is important for rare event searches, the radioactive background from the selected photosensors
will be measured to ensure that they meet the requirements imposed by low energy physics constraints.
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ND280 has three TPCs, 
surrounded by solid detectors; 
TPCs are ~1 atm, 95% Ar and 

5% quenching gases

Occasionally events 
seen on the event 

display



Data!
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Pip Hamilton 19/06/15 3

2 Tracks:
Run 9178, Subrun 34, Event 382174

● TREx perfectly reconstructs the 
vertex.
● Clearly in FV.
● Interesting high-Q2 track.

YZ View

XY View

YZ Closeup View

YZ Closeup View, Recon Only

  

Pip Hamilton 19/06/15 4

3 Tracks:
Run 8566, Subrun 75, Event 852718

● TREx perfectly reconstructs 
the vertex.
● Includes two short track 
segments (indirectly showing 
low-E tracking potential).

YZ View

XY View

YZ 
Closeup 
View

YZ Closeup View, Recon Only



Data!
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Pip Hamilton 19/06/15 5

4+ Tracks (1)
Run 8570, Subrun 84, Event 950998

● TREx finds the vertex and 
reconstructs 5 real tracks.
● Shows “hairy track” behaviour.
● Shows particles stopping in the 
TPC gas.

YZ View

XY View

YZ Closeup View

YZ Closeup View, Recon Only

  

Pip Hamilton 19/06/15 6

4+ Tracks (2)
Run 8571, Subrun 32, Event 369902

● Very clean high-multiplicity event.
● TREx finds vertex and connects all 4 tracks.

YZ View

XY View

YZ Closeup View

YZ Closeup View, Recon Only



Challenges
๏ Saw many fewer events than 

expected! 

๏ Problem has been traced 
readout saturation 

๏ Second generation analysis is 
underway, taking into 
account this effect 

๏ Reconstruction is being 
separated out from T2K 
software to be applied to 
other detectors
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92 Argon Cross-Section

Figure 7.12: Plot showing the unfolded distribution across all three TPCs.

100 Argon Cross-Section

Figure 7.20: Plot showing the correlation between central hit charge and lateral hit charge
(in fC) in the ND280 TPC MicroMEGAS pads, as measured before installation
at the near detector site. The measurement was made by irradiating the TPC
with a collimated 55Fe source for which almost all the energy deposited in the
detector is contained in a single pad. During these tests the TPC was operated
with a higher saturation threshold (240 fC) than its current setting (120 fC).
Plot taken from Reference [71].

Figure 7.21: Y-Z view of the event shown in Figure 7.18, with a colour scale corresponding
to the hit charge (in arbitrary units). No fitted tracks are drawn. A thin core of
saturated (red and orange) MicroMEGAS hits can be observed following the
“true” particle track; the surrounding blue hits have a very low charge. This is
consistent with cross-talk from the saturated hits creating low-charge hits in
neighbouring pads.



T2K/HK ND280 Upgrades

๏ Program of work to evaluate ND280 upgrades 

๏ Two scenarios being studied; in either of these, some TPCs 
may be HPTPCs 

๏ Longer term upgrade plans may involve HPTPC, depending 
on WC near detector
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ND280 Upgrade Software / Mark Rayner, University of  Geneva26.01.2016 21

We are extending ND280mc to include the following geometries 

Soon this work should be transferred to a new package, ND280-upgrade-mc 

Option B is a compomise to avoid the probable need for an ECal upgrade 

Two strategies for the targets: ~5mm 3D segmentation, and Ehad from light 
Feedback on what should be simulated is very welcome 

Cannot do full ElecSim, reconstruction chain in one year 
A solution such as that in the following talk on tweaking BANFF is required…

Conclusion

A B

Mark Rayner, Yordan Karadzhov, and Alain Blondel, U de Genève



Points of Mutual Aid
๏ Software!  

๏ One GEANT4 package (for non-T2K work) 

๏ Reconstruction package shared between all 
groups 

๏ Lots of reusable slow control and DAQ work 

๏ Current prototype is fairly agnostic to efforts 
and will produce useful data for existing & 
future experiments
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Challenges for Collaboration

๏ Human effort—most people are working on 
this in their spare time between other projects 

๏ Different goals for some groups—DUNE/HK/
Cross section 

๏ Different gases 

๏ Different detectors have different 
optimization
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