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IntroductionIntroduction

♦ These slides:  initial thoughts on what future operations at 
the Module Integration Facility (MIF) would look like

♦ Questions to keep in mind:
• What are the relevant timescales?  Commissioning, operations, etc.

• Personnel needs?  Both costed and uncosted labor

• Logistics?  Not just activities within MIF (e.g. assembly, testing), 
but initial component delivery and shipping of tested modules to 
ND site

• Testing criteria?  Requirements driven by detector specifications

• What do we need from NDLAr institutions to facilitate testing?  For 
example, setup for reception tests of pixel planes, light detectors

♦ This is not a complete plan by any means – just initial 
thoughts to get discussion going
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Activities at the MIFActivities at the MIF

♦ Several activities must be accommodated at the MIF:
• Receipt and reception test of components from NDLAr institutions

• Assembly of full NDLAr TPC modules (utilize assembly fixtures)

• Testing of integrated TPC modules in cryostat(s)
– Pass:  delivery of tested TPC modules to ND site for storage (?)

– Fail:  delivery of faulty components back to NDLAr institution(s) for 
repair and/or replacement; temporary storage of assembled TPC 
modules at MIF while waiting for replacement components
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Commission of CryogenicsCommission of Cryogenics

♦ Should plan on initiating commissioning of cryogenics system 
for LAr tests at least six months in advance of first MIF 
operations – also test grounding scheme, HV, DAQ, ...
• First MIF operations expected in January 2024, so commissioning 

should begin in summer of 2023

• Full ND module demonstrator should not overlap in time, as it 
would lead to diminished personnel resources

♦ Current plan is to (partially?) use LArIAT cryogenics system 
upgrade that was never used before – still discussing

♦ Need one full ND module worth of components, assembly 
fixtures, and one full ND module worth of spare components

♦ Minimum personnel:  two students at 1.0 FTE each, one 
technician at 1.0 FTE, PD at 1.0 FTE, one cryo engineer at 0.5 
FTE;  frequent trips to FNAL by Mike/Jay 4



Component Delivery/TestsComponent Delivery/Tests

♦ Need some place to store delivered components prior to 
integration in TPC module – one room for storage, initial tests
• Can always ask NDLAr institutions to stop shipping if test schedule 

is especially backlogged – try to keep 3-4 modules worth of 
components at MIF at any given time to avoid bottlenecks

♦ Much like ProtoDUNE FEMBs were tested before being 
installed in ProtoDUNE, should do some initial reception tests 
of sensitive components:  pixel planes, light detectors
• Goal:  to identify damage associated with shipping prior to full test

• Not just good for test schedule, but valuable info for identifying that 
shipping methods may require modification (e.g. better packaging)

♦ Need reception test rig for pixel planes and light detectors
• Test components for ½ module at once?  Save time, need 2nd DAQ

• One student at 1.0 FTE (+ PD/tech supervision) for operating this
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Assembly of TPC ModulesAssembly of TPC Modules

♦ Need large space with high ceiling for TPC module assembly
• Should be adjacent to, or near, cryostat(s) to enable easy installation 

into cryostat for testing

• Do we want assembly on the mezzanine level?  Less vertical lift for 
installation in this case

♦ Will utilize assembly fixtures – these should be designed and 
tested well ahead of time (natural place to do this is at CSU 
and/or the full ND module demonstrator prior to production)

♦ Should have some space for fully assembled modules (2-3) 
that are yet to be tested to help avoid bottlenecks

♦ Minimum assembly personnel:  two students at 0.5 FTE each, 
one technician at 0.5 FTE, PD oversight (0.5 FTE)
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TPC Module Tests in LArTPC Module Tests in LAr

♦ Need large space with high ceiling for cryogenic testing of 
TPC modules, 1-2 cryostats
• Roughly 9 days/module for testing – success-driven schedule, some 

schedule risk

• Two cryostats enables faster testing cycle, expected to be necessary 
to keep up with tight testing timeline  → make this baseline plan

♦ Should have some space for fully tested modules (1-2) that are 
yet to be tested to shipped to ND site to avoid bottlenecks
• Also space for 1-2 modules failing tests that are waiting for 

replacement components and/or repair (prevent losing time from 
disassembly+reassembly)

♦ Minimum testing personnel:  two students at 0.5 FTE each, 
one technician at 0.5 FTE, PD as Run Coordinator (0.5 FTE), 
one cryo engineer at 0.5 FTE
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Testing RequirementsTesting Requirements

♦ Components tested prior to TPC integration – main focus of 
integrated test in cryostat(s):
• Check for alignment issues

• Check that noise levels of pixel planes and light detectors remain 
low after integration

• Check that there are no (or few) dead channels after integration

• Check HV stability

• Check E field uniformity/stability

• Test that imaging of cosmic muons “works” in TPC module

♦ Successful test  ship to ND site (or storage center)→
• How long before module is shipped?  Whose responsibility?

♦ Failed test  ship failed components to NDLAr institution(s)→
• Possible that more extensive repair is needed
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Minimum PersonnelMinimum Personnel

♦ Total personnel needs for MIF (commissioning and nominal 
operations for testing of 35+5 TPC modules):
• 2.5 FTE students (1-2 CSU students + others)

• 1.0 FTE postdoc (CSU, enabled by Mooney ECA)

• 1.0 FTE technician

• 0.5 FTE cryo engineer

• Frequent trips to FNAL by Mike

• Frequent trips to FNAL by Jay

♦ This is an absolute minimum – additional personnel would 
help minimize schedule risk

♦ Only includes “needed hands” and not needed expertise
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Ideal PersonnelIdeal Personnel

♦ Include needed subsystem expertise:  roughly 1 student 
and 1 PD for different subsystems, including HV, TPC readout, 
light readout (others?) – also more technician time for 
“bumps along the way”

♦ Total personnel needs for MIF (commissioning and nominal 
operations for testing of 35+5 TPC modules):
• 5.0 FTE students (1-2 CSU students + others)

• 3.0 FTE postdoc (1 CSU + others)

• 1.5 FTE technician

• 0.5 FTE cryo engineer

• Frequent trips to FNAL by Mike

• Frequent trips to FNAL by Jay

♦ Ideal maybe should be the minimum… we should aim for this
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