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Prototyping strategy
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Small scale tests in the 50~L chamber at building 182 to optimise the geometry and the 
operation point of the perforated anode readout and the electronic chains.
Independent tests of 300~kV HV components (power supply, filters, feedthrough, …).

Test of the large scale perforated anode readout prototypes (top and bottom) in the modified 
NP02 cold box to validate the full scale devices and their integration. In the cold box, readout 
will only be suspended from the roof.

HV test in the NP02 cryostat to demonstrate the stable operation of the 300~kV upgraded 
system in ultra-pure argon.
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Small scale tests at 182
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A demonstration test of the perforated anode readout was already performed. 

The purpose of the next tests is to evaluated possible improvements or new ideas quickly and 
effectively. 
- Test of the junction of PCB panels
- Proof of concept of the photon detection system (PoF and optical readout)
In addition, other tests could be planned: 
- Test of integration of the Lyon electronics 
- 3D views implementation ideas

Standalone tests of the HV system and its components are being performed in a dedicated 
setup based on the 2 m tall cryostat at CERN. 
- The main purpose of these tests is to validate the functionally of each HV component (power 
supply, cable, filter, feedthrough, ) at 300 kV under realistic purity, cryogenic and electrical 
conditions for extended period of time.
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Cold box test
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Characterise and validate the design and the construction procedures of a full scale charge 
readout module, the electronics chain and the light detectors, as well as to validate the design 
and the construction of the various non-standard feedthroughs built as close as possible to the 
ones for the DUNE far detector.

Goals:
- mechanical test the perforated anode assembly in cryogenic conditions,
- mechanical test the cathode in cryogenic conditions,
- characterisation of the performance of the perforated anode and the full electronics chain (top 
and bottom) in terms of signal to noise ratio and its stability,
- assess the performance of the different custom-made feedthroughs,
- test the light readout detector concept at large scale.
- test the integrated system as a whole and evaluate the interplay between the powering, the 
charge electronics and the light detector system.
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Cold box test
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NP02 cold box suitable cryostat for large scale VD module tests.
Cold box built from very different requirements. Actual requirements:
- the dimension of the readout module to be tested is  3.000 x 3.375 m2,
- the LAr level should be stable within +/- 5 mm,
- the absolute vapour pressure should be stabilised to few mbar around the nominal value (tbd, 
around 1020~mbar),
- the liquid argon purity should be compatible with electron drift over 25~cm,
- the drift volume should be at least 25~cm long with a drift field of 500~V/cm.

The cold box and the cryogenic system must undergo a significant upgrade and the cold box 
must be moved to building EHN1 to profit from the cryogenic and safety infrastructure.
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More roof penetration needed
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Open points
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A bit at the limit:
Anode module 3375 mm x 3000 wide
Cold box opening 3386 mm x 3386 mm wide

- Weakest sealing point between the cold box and the roof: gasket to be defined.
- If operational pressure larger than 100 mbarg the box need to be reinforced.
- Field cage required?
- Building or detector ground?

Cathode laying on insulating pillars on the floor
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Possible location at EHN1
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Suitable location in the pit at EHN1 behind NP02:
Take advantage of the clean room,
cryogenics system, and the EHN1 safety system.

Other locations at EHN1 are also considered.

Beam pipe can be removed
if no beam to NP04

Basic cryo instrumentation,
including a purity monitor
available in the cold box
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NP02 cryo modifications

9

Almost independent operation of cold box and NP02:
only one condenser, so the argon is mixed between the two systems
Possibility to reuse components from the 3x1x1 cryogenic system

- approximately 1 kW additional static heat input
- 2 days to purge and fill
- 3 days to empty and warm up
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HV test in NP02
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No need to open the TCO. Access of personnel 
and material will be done through the manhole.
Required steps:
- Access inside the cryostat and remove he 
periphery ground grid
- Install scaffolding for easy access from the 
man hole
- Install scaffolding for the access to the 
extender
- Cut the field cage connections and change/
repair the field cage clips
- Remove the extender and store it below the 
ground grid
- Remove the scaffolding and install it where 
the new extender will be (several location 
under study)
- Installation sequence of the extender 
depends of the decided location
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Components procurement
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For the cold box test:
- Anode (PCB perforated layout) procured by CERN
- Anode&electronics support structure procured by LAPP (IN2P3)
- Top VD electronics (40x64 channels) procured by Lyon (IN2P3)
- Bottom VD electronics (40x64 channels) procured by BNL
- Top feedthroughs (2) procured by Orsay (IN2P3)
- Bottom feedthrough (1) procured by BNL
- Cathode procured by Orsay (IN2P3)
- Arapuca units (2-4) procured by FNAL (+Brazil and Italy)
- Arapuca fiber power and readout system at 300KV, procured by FNAL
- HV system and feedthrough procured by FNAL and CERN
- DAQ system procured by UK, CERN and Lyon
- LAr and N2 procured by CERN
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Components procurement
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For the HV test in NP02
- HV power supply and cable available at CERN and already tested for NP02
- New (longer) HV feedthrough already available at CERN (it is being tested)
- HV extender and connection to cathode to be developed at FNAL
- Reduce length extender need to be tested in an existing cryostat at CERN or FNAL
- LAr for this test re-used for the horizontal drift Module 0 operation in NP04
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Milestones
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Cold box test:
- Cold box to be refurbished and installed at EHN1 by April 2021
- Cryogenics commissioning of the empty cold box in May 2021
- Receive all the components at CERN by June 2021
- Integrate the detector components in the NP02 clean room in July 2021
- Insert the VD module in the cold box in August 2021
- Operate the VD TPC in the cold box September to November 2021
up to 3 tests are feasible
- December 2021 present the results to the CD2 IPR

NP02 HV test:
- Access and inspect NP02 as soon as it is empty and warm March 2021
- Remove the present HV extender in March-April 2021
- New HV extender at CERN by May 2021
- Installation of the new extender in June 2021
- Cool down and filling of NP02 July-August 2021
- HV operation September to November 2021
- Stability report December 2021
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Outlook
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Very intense R&D and demonstration campaign through all 2021.

After the design optimisation, successful performance demonstration of full scale detector 
components in the cold box, proof of stable operation at 300~kV in NP02, the vertical drift 
detector should be considered as baseline for the second DUNE far detector module.

When baselined, following the same path as the horizontal drift detector, the module 0 for 
the vertical drift detector will be constructed starting from 2022 and installed inside the 
NP02 cryostat in 2023.

Long term operation and full characterisation with charge particle beam will follow.
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