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G. Collazuol          2026-7-17 HK meeting Referees INFN 

HyperK ñdegassingò status 

Problem:  gas leak ñdegassingò from underwater vessels and mPMTs

     => threat to pressure stability  and HV insulation over HK lifetime

Solution:  Comprehensive mitigation strategy developed, validated at production level 

Conclusion:  Key components converged into production

   with minimal cost and schedule impact

Issue, adopted solution, present production status, and QA/QC follow-up







L.Ludovici - HKPAC 2026-3-5 



The solution deliberately does not rely on one single perfect barrier

L1 Active re -gassing

Dry N2 via COM cable ETFE pipe

- primary pressure compensation

- >1000x margin at 10 kPaG

- COM filler fallback path

L2 Passive sealing

Improved FT process

- filler removal and PE fusion

- Fisher / SHV potting

- OD braid potting

- measurable leak criterion

L3 HV hardening

Potted HV boards
- OD splitter J-type connectors

- OD splitter full potting
- mPMT HV-board potting
- low-pressure tolerance
- PD and withstand tests

Detailed task forces studies and accurate reviews convinced the HK collaboration 

Ą to drop the original "zero leak" approach and 

Ą to adopt active vessels re-gassing makes the residual leak acceptable and 

testable (an ñALARAò approach after Lucioôs definition)

Ą note: active water re-gassing is also excluded (due to costs and ugd safey) 4

Solution : Comprehensive mitigation strategy developed, validated at production level 

1. Active Re -gassing:  NϜ injection via modified COM cables

2. Degassing Control:  Enhanced molding of Feedthroughs and potting of connectors

3. HV Insulation enhancement:  Potting of OD splitter board for low Pressure operation
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How HK addressed the Degassing Risks
The Threat:  Continuous gas permeation  from vessels into ultrapure water

Primary Risks:

ÅPressure Loss:  Dropping below the Paschen minimum , 

        drastically increasing the risk of HV discharge

ÅHumidity Ingress :  HV dielectric failure, condensation on electronics

ÅRadon Emanation : Potential increase in water background radiation

Task Force  (G.Collazuol) - Mandate:  Diagnose the phenomenon, quantify risks, 

propose/validate  countermeasures, and ensure their implementation in production & 

manufacturing

HK collaboration decision  informed by UWC Review Committee (L.Ludovici)  which 

assessed the final ID/OD/mPMT cable designs, degassing mitigation measures, test results, 

QA plans, and safety compliance and  reviewed procurement costs and schedules, together 

with the resources and installation work needed to remain compatible with the overall detector 

construction plan.
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2. Core Underwater Components

Vessel Types:  ID-Vessels and OD/Hybrid Vessels 

Key Components:

Cables (ID/OD):  Coaxial or composite structures with a copper core, dielectric, 

braided shield, and outer sheath. ID cables are composite, including porous water 

block filler

Feedthroughs (FTs):  AXON-designed seals where cables penetrate the vessel

Communication (COM) Cable and FT 

OD Splitter Boards : Distribute HV to OD PMTs and transport PMT signals

Original Design:  The original designs focused on water ingress prevention , not 

gas egress minimization , leaving multiple microscopic pathways for degassing
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3. Understanding & Mitigating Degassing

 Mechanisms:  Gas permeates through materials (PE sheath) 

 and migrates along internal pathways (cable core, braid, filler)
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3. Understanding & Mitigating Degassing

To meaningfully reduce gas leaks in a cable, all potential entry points must be sealed , 

because closing only some is ineffective as the leak rate is ultimately controlled by the 

single, slowest escape path (high impedance series path = permeation trough sheaths)
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3. Understanding & Mitigating Degassing
 Mechanisms:  Gas permeates through materials (PE sheath) 

 and migrates along internal pathways (cable core, braid, filler)

Original FT Design Leak Rate:  ~0.2 cc/hr per  ID-FT  (short cables) and 

            ~0.6 cc/hr per OD-FT (short cables) [thinner sheaths]

Expecetd leak per vessel ~5cc/hr/vessel from 6 FTs and extrapolation to long cables

Note: Expected leak from COM cable filler is same order of magnitude !!!

Countermeasures developed by TF and studied by AXON aiming at production

a) Ensure complete composite cable filler removal & PE fusion molding  in FTs

b) Seal cables core and braid at connectors  with epoxy/potting

c) Seal cable braids at FT  with vacuum-injected epoxy

TF Studies results:  

     FT leak rate may be reduced to 0.04 cc/hr/FT (short cables) ie x5 reduction

 Ą extending time to reach Paschen minimum to about 20 years 
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3. Mitigating Degassing Ą Improved FT design by AXON  

Whole FT Engineering Revision at AXON including Failure Mode Analysis

targeting Ą mechanical and sealing robustness / performance  

   Ą failure modes in manufacturing (several prototypes for testing) 

   Ą HK to AXON transfer methodology for small leak measurement 
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3. Mitigating Degassing Ą Improved FT design by AXON  

Summary of Results on Latest Prototypes (Nov ó25)

Ą Improved water tightness ă 3-step mold, FT, filler and cable braid sealing

Ą Minimal degassing reduction ă signal cable core sealing fail at SMB connector 
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3. Mitigating Degassing Ą Improved FT design by AXON  

Measurements 

on Latest 

Prototypes

Confirmed leak 

~ 0.15 cc/hr/FT

Equiv. to 

~ 5 cc/hr/vessel 

in water

Due to failing

cable core sealing

... if successful 

leak reduction 

only x3 ...  
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3. Mitigating Degassing Ą TF Recommendations 
Measurements on Latest Prototypes

ÅConfirmed leak  ~ 0.15 cc/hr/FT Ą Equiv. to  ~ 5 cc/hr/vessel  in water

ÅDue to failing cable core sealing ... if successful leak reduction only x3  (0.15 Ą 0.05 cc/hr)

Is it worth continuing R&D aiming at 0.05 cc/hr/FT ? TF recommendation is NO !!!

1) Factor of 3 not enough to solve the degassing issue Ą need regassing anyway

2) Core and Braid sealing may impact signal integrity may not negligibly Ą need more study

3) Degassing via COM cable filler expected O(5 cc/hr/vessel) !!!

4) Production costs and time, including QC on very smal leaks, would explode

TF Recommendations about FTs

1) ID FT - Keep new molding process, FT / filler sealing, Fisher connector potting       (no braid 

Ą production throughput = 200 FT/week w/ cost increase < 15%             and core cable sealing)

Ą production QC tolerated leak 0.2 cc/hr/FT

 

2) OD FT - Keep new molding process, FT / braid sealing (no core cable sealing)

Ą ensuring enhanced water tightness (OD FT are no composite Ą no water block filler)

Ą expected some reduction in leakage
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3. Mitigating Degassing Ą Improved FT design by AXON  

Final procedure

Ą Keep new molding process, FT / filler sealing

Ą Keep shorter overmold for clearance

Ą Keep Fisher connector potting for HV insulation & reducing gas leak
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3. Summary for ID/OD 

ID FT - new molding process, FT / filler sealing, Fisher connector potting

 Ą ensuring production throughput 200 FT/week

 Ą QC tolerated leak 0.2 cc/hr/FT

OD FT - new molding process, FT / braid sealing

 Ą enhanced water tightness

Impact on Costs   

 Ą AXON estimate for cost increase < 15 %

Impact on Schedule   

 Contract fixed end Jan 2026 Ą production started in April 
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3. Summary for ID/OD 

TF investigated several possible solutions

About  the proposed solution for ID/OD FT/cables 

 Ą AXON investigated extensively failure modes -- at production level

 Ą yes, we rely mostly on regassing via COM cable 

      and we are confident such solution is robust -- backup regassing via filler

 Ą we consider insisting in further reducing FT/cables leak is mostly loss of time 

     and core sealing might introduce further risks

      and non reducible degassing via COM cable filler -- expected O(few cc/hr)

QC at AXON and at CERN

 Ą degassing QC w/ He at AXON

 Ą He tests and accelerated ageing tests on pre-series at CERN



ID PMT-FT: production status Ą launched
1

Total quantity: 5224 ID PMT feedthroughs

Å AXON internal prototype production finished; 

mass-production rate = 40 FT/day.

Å Preseries: 56 units finalized Ą Jun.29

 First lot of 832-unit finalized Ą Jul.8

Å Lots 1ï6 are planned monthly from July to 

November; final 176-unit lot in December.

Å Sea freight is contracted for lots 1ï6; 

air freight can reduce shipping by x6 ... if needed 

(from ~3 months to ~2 weeks)

Å Connector supply initially drove lead time: SHVJ 

from ICRR and Fisher from CAEN.

Batch Production / arrival snapshot

Pre 56 finalized Jun.29; air arrival early July

1st 832 finalized Jul.8; CERN sea arrival mid-Oct

2ndï6th 832 each; finalized Jul.29 Ÿ Nov.30

7th 176 finalized Dec.16

Shipping mode is the main lever to protect the CERN 

assembly schedule.



ID PMT-FT: QA/QC status
2

Factory review at AXON Ą checked production process, work instructions and airtight-test sensitivity

Ą AXON QC for all units: watertight test at 0.8 MPa for 2 h + visual gas leakage check

Ą Electrical QC: impedance, continuity, DWV 1 kV on cables, insulation resistance, 

       Fisher pin-pin 3.5 kV, VSWR and insertion loss.

Ą Airtight QC: pre-premold sample Snoop test + helium leak setup for production feedthroughs

Ą 1 cc/hour excess leak can be identified in short time (<5 min.) with the AXON setup

Ą Open before full-rate production: cable holding jig, watertight target, airtight criteria.

.

AXON helium setup + electrical QC

QA/QC is defined at process level ; 

final pass/fail criterion for airtightness is the main remaining point.



OD PMT-FT: production status
5

Total OD PMT-FT quantity in current plan: 342 units.

Å AXON internal prototype production is ongoing.

Å Japanese procurement covers preseries to 2nd lot: 
Pro 2, Pre 8, 1st 38, 2nd 44 units.

Å 3rd lot is the large Korean procurement: 252 OD 
feedthroughs.

Å Expected Korea schedule: tender/bidding over next weeks, 
bidder selection by end July, purchase order in early August.

Target : all 252 delivered to University of Tokyo by 

end February 2027.

Status: early OD lots are underway;

the large 252 -unit lot depends on Korean procurement execution .



OD PMT-FT: QA/QC status Ą mass production 
6

Å OD FT design keeps the new AXON molding process 
and applies braid potting.

Å Rationale: OD cables are not protected by a composite 

sheath; braid potting reduces water-ingress risk if cable 

damage occurs.

Å SHV connectors are potted; core sealing is not pursued to 

avoid production complexity and signal risks.

Å AXON QC chain: incoming QC Ÿ molding/housing 

assembly Ÿ watertight test Ÿ airtight test Ÿ cable 

preparation and connector potting Ÿ electrical tests.

Å Watertight test: 0.8 MPa × 2 h on all samples; visual 
leakage check.

Å Factory review confirmed 1 cc/hour leak sensitivity; 

minor improvements go into preseries batches.

QA/QC focus for OD FT is both airtightness and enhanced water -ingress robustness.
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4. Active Re -gassing of vessels Ą mandatory ... but robust 

Chosen Solution:  Inject dry NϜ directly into each vessel 

Ą via a dedicated ETFE pipe  embedded in the COM cable

Performance:  Provides ~6500 cc/hr  of gas flow, >1000x thx expected degassing rate

Risk Analysis & Mitigation:

Clogging:  Inline filters; fallback to filler path (~20 cc/hr) > 4x degassing rate

Water/Vapor Ingress:  Negligible risk, managed by silica gel (tens years capacity)

Radon:  Contribution is negligible (<1% of PMT background)
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4. Active Re -gassing Strategy Ą mandatory ... but robust 

Status:  

COM cable/plug  design frozen, fully validated (end-to-end) Ą production started

COM receptacle/FT  design frozen, fully validated Ą production started

Nitrogen Supply system  design frozen Ą prototyping phase



COM-FT: Cables and Plug production - QA/QC 
4

QA/QC covers electrical/optical performance and leak checks ; 

COM-Plug airtight QA is still being optimized.



COM-FT: Receptacle production status - QA/QC
3

Receptacles : 1000 total planned; COM -FT assemblies: 

950 total planned.

Å 1st COM-FT batch: 43 units delivered to ICRR on May 30

 one provided for CERN assembly and one for MCC assembly.

Å Subsequent COM-FT batches: 207 end Jun, 200 end Jul, 

100 end Aug, 200 end Sep, 200 end Oct.

Å SUS316 receptacle bodies were damaged during 

ODUŸNissei shipment due to packaging.

Å Package design improved; replacement delivery dates 

under check.

Å COM-Plug tender process is ongoing; lead time is being 

discussed against installation needs.

Status: COM -FT is in production ; 

packaging /shipping issue is tracked and mitigated.

QA/QC covers electrical/optical performance and leak checks ; 
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5. OD Splitter Board Hardening Ą additional safety factor 

Motivation:  OD splitter is critical HV component not yet qualified for low P ops. 

Ą not a primary operational mode, but mitigates time to failure

Requirement:  Must operate safely down to 25 kPa absolute  (Paschen minimum)

Expert Input:  Defined strict design rules (creepage, clearance) and a robust 

qualification test protocol (withstand, endurance, partial discharge tests)

Solution:  Full potting  of HV sections with dielectric epoxy (e.g., Stycast 2850FT) 

to eliminate air gaps and prevent discharges

.
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5. OD Splitter Board Ą potting and HV tests at CERN

Thanks to potting & HV tests at CERN  

decision was to adopt JC connector 

for the UK candidate 



5. OD HV splitter: final solution is JC connector and full potting

Why this mattered

The OD splitter is the critical internal HV 

component for low-pressure operation.

Expert recommendations required 
creepage/clearance control, connector redesign, 
cleanliness, and potting where rules cannot be 
guaranteed.

The final approach uses JC edge-launch 
connectors and full board potting, with process 
development at CERN PolymerLab and transfer to 
Korea.

PolymerLab relevance for INFN

The 6 kCHF service directly supported the potting 
and HV validation work needed to close this 
residual HV safety risk.
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5. OD splitter status: electrical tests passed, CT voids remain a QA item

Potted v5.25/v5.26 boards passed low-pressure DC 
HV tests and partial-discharge tests in air and in N2 
at 250 mbar.

July CT scans show voids, including >1 mm zones 
in one v5.26 board; the tested board still passed all 
electrical tests.

The final mitigation is validated electrically , 

while production QA must control potting reproducibility and void distribution.
11



OD splitter boards: production status
7

Å Final splitter version: v5.26.

Å Correct production basis: 652 bare minimum + 28 
spares + 20 pre-production = 700 units.

Å Pre-production completed: 20 splitters produced on 
Apr.16; 7 potted and 13 kept unpotted for 
tests/setup/distribution.

Å 130 production units are ongoing, with delivery to 
CERN planned by September 2026.

Å Additional 550 production will follow; delivery 
schedule split into 150 + 200 + 200 shipments.

Å 550 production delivery target: by July 9, 2027.

Shipment Target delivery window

1st 150 Mar.22 ï Apr.02 2027

2nd 200 May.10 ï May.21 2027

3rd 200 Jun.28 ï Jul.09 2027

Status: pre -production done; 130 -unit production underway; 550 -unit campaign scheduled 

through mid -2027.



OD splitter boards: QA/QC status
8

Å PCB production QA: IPC Class 3 thermal-stress test 
passed; visual and dimensional inspection all OK.

Å SMT QA: IPC Class 3 inspection report all OK and accepted.

Å Digitizer coating: HumiSeal 1B31 using military-standard process.

Å Splitter potting: Stycast 2850FT + Cat 24LV, potting 
procedure suggested by CERN Polymer Lab.

Å HV validation: no breakdown and no partial discharge 

at atmospheric pressure and 250 mbar for 1 

penultimate and 3 final potted boards.

Å X-ray/CT scans are ongoing; final QA strategy for splitter 
potting is still under discussion.

QA/QC is strong for PCB/SMT/HV tests ; 

production -scale potting acceptance strategy remains the key item.



6. mPMTs: new cables

MacArtney mPMT -MCC cable showed significant 
degassing through a multistrand conductor path; 

active re-gassing for mPMTs was rejected for 
cost/schedule.

Mitigation: 
- qualify degassing -tight replacement cables and
- retain HV -board/PMT potting  as low-pressure and 

humidity hardening.
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6. mPMTs: new cables
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6. mPMTs: new cables



12

Conclusions

The degassing of electronics vessels and mPMTs is recognized as a serious threat to the long term 

behaviour of underwater electronics in the Hyper-K degassed water 

Critical issue impacting differently ID vessels, ID/OD vessels, mPMTs and MCC vessels 

A targeted effort across FD2, FD4 and FD3 has been done  to 

understand the degassing phenomenology, analyse the failure modes and design a mitigation strategy 

All design changes were implemented  to minimize delays in the procurement process but without cutting 

corners, including validations, internal reviews and collaboration wide reviews 

The procurements impacted by the degassing issue moved to production according to the general 

schedule, starting from the approval of the documents and specs for the tender of the ID and OD 

feedthoughs in December 2025



Additional Material
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COM-FT: QA/QC
4

Å Company QC for all components: visual inspection, 
structure compliance, cable dimensions, resistance, optical 
polarity and optical insertion loss.

Å Measured resistance: 0.1ï0.2 ɋ; optical insertion loss 
criterion: OK < 2 dB.

Å HK QA at CERN assembly: optical and power tests 
+ watertightness by He leak check.

Å COM-Plug: individual watertightness test is not 
foreseen before Japan delivery; airtight test in NX 
warehouse is being considered.

Å Dedicated dummy COM-FT chamber: 1-channel 
prototype under development; multi-channel setup 
after efficiency confirmation.

Å Re-gassing system: manifold prototype for dry NϜ feed, 

each 12 channels, with vacuum/dehumidifying option.

QA/QC covers electrical/optical performance and leak checks ; 

COM-Plug airtight QA is still being optimized.


