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

Hyper K ndegassingo st a

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

Problem: gasleakin d e g a s gronnugderwater 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



Current design of the PMT-feedthrough
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The ID/OD (FDA4)
Task Force Report

Nov. 22
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(Gas leaks inside cables = transported (braids & filler) = parmeating into water
from vessel fast diffusion via thick PE sheath

Wlatay &idae Veanmel mices

P - pramald
Fremold Crvermiold

S i g — el

£ >
Fecdrhrough

hoat-shrink jackst ovorlapping the ond of
this filler edgs inside por- penmold

Emicl of fFillesr prnompcies

Lirmaire By BBy
pro-promold

Fie i Pareing
Brale Porring

Fillizr
. l*-.
TS EEESSSSSSSS—— =——
=
Prows el
Flariy Dpeiacder
Pro—pramad o Inmer Spacer Endof pra-gpeamobd

I8 aoaase e iy peresaand ol

Degassing Task Force Report

About degassing countermeasures for I and O electronic modules
GOl o] on behalf of the Task Foree

anzs/nfae - v

Abstract

The Hﬁ'pt'r-i.':u:liu'kamh.- {Hyper-K) detecior relies on sealed underwater vesssls housing front-
end electronics for lomg-term operation in ultrapure water. During the design validstion phase,
o proviously underestimoted phenomenon=gas loss vin degassing=was identified ns a
potentiol threat to vessel pressare stobility and high-voltage insulation infegrity,

I resspon&e, the Hyper-K Degaasing Tagk Force (TF) performed a comprehensive investigation
into degaszing mechanzms, validated sealing countermeaswres, and developed a robust, triple-
redundancy mitigntion stratezye. This inclodes:

1. Active re-gassing via Mz injeclion through modified eonimumbcatbon (COBM) cables

2. Degassing reduction through strectiural sealing messures in cables and fesdihimaghs

4. HV risk mitigation via potting and redesign of Cuter Detector (OD) splitter boands to
withstnrd byw-pressure operation.

The TF engagad with manufsdurers to implenent these recommendatbons and integrate them
into the production pipeline. The report concludes that—with acceptable overall cost indrease
{+15% mox) with respect 1o the onginal estimote and with minimal schedule impact—all key
components are copverging toward prodection repdiness, These advances secure vessel
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Potting procedure nowAwell developec

* Following FD4, use Stycast
2850 FT +» Catalyst 24LV

* Potting method robust,
scalable
* Re-usable silicone mould

* At 1400V, no discharges at 70
mbar, limited by pump

+ Commercial companies will
be contracted to perform the
potting following FD2
procedure

Cable potting — wired PCB

* Wires from cable soldered
onto PCB

* RSPro black epoxy potting
compound
* Significant outgassing
* many weeks needed to

ensure no remaining volatiles '

-

The mPMTs (FD
Report

Jan. 26"

Modified HV board to v8.2

* v7.1 Discharges happening between
R16/R19 and RFID ground
planeDischarges @900 V, 200 mbar

* v8.2 Moved RFID chip away from HV
components
* Discharges @1450V, 100 mbar

* Changes accepted and proceeding to
mass production

INFN it Aatmse & fuis Sachons

L. Lavitola

wrew g

Lanhe cable s

14

* Alternative cable supplier

* Soldered the twisted wire s
pigtails onto the cable, and I
potted in feedthrough

* This cable does notshow "'
any degassing! 1

* Pressure drop by ~5 mbar
over 10 years A

* Now investigating robustness

T
.
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-0.00216 mg/L per day
~A.17E-7 mbar Us
¥y~ -216E.06x+1.28

FD mPMT Degassing Studies

January 25, 2026

Contents

2.1 Test of the T.0/7.1 version of the HV lmmzll N A ek o

22 dest of IV board with DCIY. . . . . . . .. nia o epeenn

2.3 Potting of HV cloctronis and PMT ping : ; :

24  Potting Validation Test= Thermnl Cham hl Tnﬂ

2.9 Op’unur-] HVE Validatzon Tests: Test of the 8.2 \cl-q-u;x—l“l’ut'!.Iu-m"i:;s‘n‘{] - =
2,51 PMT asseibly procedure-ocsting and potting

2,52  HV Pre-Production Qualificatson) |

24 Summary and conclusions on messurements ofu SOCTRORICS I Vicunm ol unhcf]

3.0.1 INFN Prototype mPPMT Tested at Carleton) . . . . .

13,02 POM-C Cylinder Tested at Carleton) ‘

53,05 Acrvhe Dome Tested at Charleton| :

£3.0.4  MacArtney Cable Tested at Carleton). . . . . . . .o oL oL
Evaduation of degassing rate]

4.2 Mitigation actons for the degassing !]nuu'h t]u m]ﬂt] .

13.2.1  Dassy chain from MCOC to dehiver Nitrogen (as ( ()\I cablos |

£3.2.2  Seitl penctrator investigation] Mo AR

3.2.5  Senl penctrator soluton] . . . . RS R Rraa

324 Dinpact of Potting on Signal [nt .)\m'.] ‘

B3 Summary and conclusions on mPMT measurements in pressure and vacoum chambers|

¥ 1 o Qctron

Helivm Permeability Measurements|
.1 Valve Prooare Holding Test) . . . . 0 0 0 00 0000000 .
E 2 O-Ring Leak Testing .
4
i

Test to Hehuim pertneability of the feedthroughl
Vosead Helnnn Pemeability Test] |

>
)

»

6 Use of Grease on Connector and O-rings|

[7 ‘mF’hl"l‘ dn&naﬁing miﬂgnt.itm strnr.ng}'j
71 QA/Q( . o SRR
.2 Analvais of Costs and bmpact on Ht]m]t__j

[A Appendix]

5
1 Expenmental Set-upd . . . . - - - .. L. ..o

A-1.2 - EDOrVEnOBOl DOBIIDE « o> = e eieiie:atei v ioiein oiinieinsieiele b jorel mimies ot
A 1.2 Testing procedure R
A L3 Tests of HV board at Jow l""“""']
A L4 Tests of the HV board without coating
ALS Test of the Measuring Resetance \lnm]
AL Tests of the coated PMIT 4 HV board)
IALT Tests of the HV hoard without coating
B2 Tost in pressure chambxer,
A 2] First long-term pressure test n rrmguul
1A 22 Second Jong-tenn pressure fest in Pragd . . oo 3 oatA%e 4anbod

B Permeation and Degassing Analysis for the 70-m Vessel|

e w2

"~ e

{3
S e o o bo o

N e
-3

"
-3

27
25
28
a0
40

31

34
35
36

37
37
a7
a7
1)
il
i
{2
8
18]
46

48



The Review Report

July 2025 — on going
Interim Report (Sept. 9)
Interim Il Report  (Oct. 12)
Final* Report (Dec. 10) ID/OD FeedTroughs

- Collaboration approval of FT procurement (Dec.22)
- Contracts just signed (ID) or being signed (OD)

* Final for ID/OD FT. Review stil on going:

- mPMTs degass mitigations
- OD HV splitter potting

L.Ludovici - HKPAC 2026-3-5

Final Review Report: Underwater Cables,
Feedthroughs, and Degassing Countermeasures

V1.01 23.12.2025
Review Committee: L.Ludovici (chair), B.Bogdan, A.Holin, M.lkeda, T.Yano

Comprehensive Assessment of Mitigation Strategies, Design Choices, and
Production Readiness for ID, OD, and mPMT Underwater Cable Systems

Changelog

v1.00 15.12.2025 This report is final for the overall degassing mitigation strategy
and ID/OD FT procurement plan. For other subjects, in particular OD Splitter and
mPMT, this is an interim report.

v1.01 23.12.2025 Comments and corrections following the collaboration review
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The solution deliberately does not rely on one single perfect barrier

Solution : Comprehensive mitigation strategy developed, validated at production level
1. Active Re -gassing: NFinjection via modified COM cables

2.
3.
L1 Active re -gassing L2 Passive sealing L3 HV hardening
Dry N2 via COM cable ETFE pipe Improved FT process Potted HV boards
- primary pressure compensation - filler removal and PE fusion - OD splitter J-type connectors
- >1000x margin at 10 kPaG - Fisher / SHV potting - OD splitter full potting

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

- COM filler fallback path - OD braid potting
- measurable leak criterion

Detailed task forces studies and accurate reviews convinced the HK collaboration
A to drop the original "zero leak" approach and

A to adopt active vessels re-gassing makes the residual leak acceptable and
testable (ann AL ARppmwachaf t er Luci oo0s definitio
A note: active water re-gassing is also excluded (due to costs and ugd safey) .




How HK addressed the Degassing RIsks

The Threat: Continuous gas permeation from vessels into ultrapure water

Primary Risks:
APressure Loss: Dropping below the Paschen minimum
drastically increasing the risk of HV discharge
AHumidity Ingress : HV dielectric failure, condensation on electronics
ARadon 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.Ludovicl) 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.

6



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

v



3. Understanding & Mitigating Degassing

Mechanisms: Gas permeates through materials (PE sheath)
and migrates along internal pathways (cable core, braid, filler)

Leak via filler

Leak via sheath and braid

Leak via braid el

Leak via core oy

o e e g e e g e e e e g e e g g e g e e i T e e i g e g e i e e e e e e i e e e g e g e e e e e e e e e D R I

e e s e e e e e e e e T e e e e e e T e e e e e e e e e e e e e e e e e e e e e e e e T e e e e e i s IR IR
......

Gas in S
the vessel Cable cross section

Gas leaks inside cables = transported (braids & filler) 2 permeating into water
from vessel fast diffusion via thick PE sheath
If terminations properly sealed



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)

ID Composite cable

[ Leak via filler
Leak via shieaih and I:IT-EII:'J -
cross section )\N\N\‘\(
Leak via braid \Za \% o ﬁ'E-
" [ " g™ el

- o
Leak via core )\]\l\l} qﬁe-'h:a -._"_{"5’ ‘11"'1""" @"-E-ﬂ ey
A o
O A o
e Akt Lo
ks

Feedirough region

Gas leaks inside cables =2 transported (braids & filler) 2 permeating into water
from vessel fast diffusion via thick PE sheath

Fizure 11 - Parallel inputs - Series output model of degassing



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]

r

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

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

~N

J

Countermeasures developed by TF and studied by AXON aiming at production

a) Ensure complete composite cable filler removal & PE fusion molding
b) Seal cables core and braid at connectors  with epoxy/potting
c) Seal cable braids at FT with vacuum-injected epoxy

In FTs

‘TF Studies results:
FT leak rate may be reduced to 0.04 cc/hr/FT (short cables) ie x5 reduction
A extending time to reach Paschen minimum to about 20 years

\_




3. Mitigating Degassing A Improved FT design by AXON

Whole FT Engineering Revision at AXON Including Failure Mode Analysis
targeting A mechanical and sealing robustness / performance

A faillure modes Iin manufacturing (several prototypes for testing)
A HK to AXON transfer methodology for small leak measurement

Water side Vessel side

o : Pre-premold
heat-shrink Jacket overlapping the end of

the filler edge inside per-permold Overmold

Premold —

End of filler inside
pre-premold ck Pottin

Shaping-mold

—
Feedthrough

Filler

Plug Spacer
Pre-premold Inner Spacer End of pre-premold

is covered by premold
11




3. Mitigating Degassing A Improved FT design by AXON

Seal Seal +
A A S

I 1N
s-s.2mm § 11 I A “F m
I Il[ 1 ] I T '-|

SNOOP

A

50~51mm 44mm [ - 17
E SNOOP
'\_“ "‘ ‘ \
1. Shield 2. Spa‘ci:er pre 1 bar g & Mechanical Dra:vf vacuum
window size and positioning 4. P"_E“"G + assembly I (potting)
positioning 3. Pre-;remald shaping mold + remove outer 1 bar (for snoop)
SNOOP spacer + place short 6. Potting
spacer & tubing + 2 SNOOP

secure seal

Summary of Results on Latest Prototyp
A Improved water tightness a 3-step mold, FT, filler and cable braid sealing
A Minimal degassing reduction a signal cable core sealing fail at SMB connector

12



3. Mitigating Degassing A Improved FT design by AXON

m " (Filler Remains) \ 3P + \ | — Measurements

"Measured | S on Latest
: : Potfting .

| Estimate |

------------

1o Connector | PrOtOtypeS

Cut off

Confirmed leak
Direct — 015 CC/hr/FT

Filler
Unremoved Overmold
O0.19cc/hr/FT @ AZ2bar 0.20cc/hr/FT @ AZbar 0.23cc/hr/FT @ AZ2bar 0.08cc/hr/FT @ AZbar .
JD. | 2cc/hr/FT @ A I bar O. 1 3ce/hr/FT @ A | bar O. 1 4ecec/hr/FT @ A [ bar 0.05¢cc/hr/FT @ A | bar Eq u |V to

B

63% reduction
by half AP

~ 5 cc/hr/vessel
IN water

0.03cc/hr/ch

4.60cc/hr/vessel +20m cables @ A | bar
(0.77x4)

Why not 50%
is not understood 0.77ce/hr/FT +20m cables@ A | bar

(0.0315+0. 16)x4

4 Due to failing A
cable core sealing

& = ... If successful
0.76¢c/h/ET +20m cables © 4 lbar o leak reduction

4.56cc/hr/vesssel +20m cables @ A [ bar \ O n Iy X3 . /

(0. 76x4) Under measurement
From Nov.20

0.16cc/hr/20m

0.28cc/hr/FT @ A Ibar

13




3. Mitigating Degassin

g A TF Recommendations

Measurements on Latest Prototypes
A Confirmed leak ~ 0.15 cc/hr/FT A Equiv. to ~ 5 cc/hr/vessel in water
A Due to failing cable core sealing ... if successful leak reduction only x3 (0.15 A 0.05 cc/hr)

Is It worth continuing R&D aiming at  0.05 cc/hr/FT ? TF recommendation is NO !l
1) Factor of 3 not enough to solve the degassing iIssue A need regassing anyway

2) Core and Braid sealing may

Impact signal integrity may not negligibly A 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

A production throughput = 200

2) OD FT - Keep new molding
A ensuring enhanced water tig
\A expected some reduction In

-
TF Recommendations about FTs

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

FT/week w/ cost increase < 15% and core cable sealing)

A production QC tolerated leak 0.2 cc/hr/FT

orocess, FT / braid sealing (no core cable sealing)
ntness (OD FT are no composite A no water block filler)

eakage

(no braid

~




3. Mitigating Degassing A Improved FT design by AXON

Seal Seal
= =1
5~5.2mm I
.i-
S50-S1mm admm
SNOO
1. Shield 2. Spacer pre 5. Mechanical Draw vacuum
window size and positioning 4. Premold + delnry (potting)
positioning 3. Pre- prem-t;-ld shaping mold + TAmOve suter 1 bar (for snoop)
- spacer & tubing + & SH{]{JP
Flnal prOCEdure secure seal

A Keep new molding process, FT / filler sealing
A Keep shorter overmold for clearance
A Keep Fisher connector potting for HV insulation & reducing gas leak

15



3. Summary for ID/OD

ID FT - new molding process, FT / filler sealing, Fisher connector potting
A ensuring production throughput 200 FT/week
A QC tolerated leak 0.2 cc/hr/FT

OD FT - new molding process, FT / braid sealing
A enhanced water tightness

Impact on Costs
A AXON estimate for cost increase < 15 %

Impact on Schedule
Contract fixed end Jan 2026 A production started in April

16



3. Summary for ID/OD

TF investigated several possible solutions

About the proposed solution for ID/OD FT/cables
A AXON Iinvestigated extensively failure modes -- at production level
A yes, we rely mostly on regassing via COM cable
and we are confident such solution is robust -- backup regassing via filler
A we consider insisting In further reducing =1/cables leak is mostly loss of time
and core sealing might introduce further risks
and non reducible degassing via COM cable Tiller -- expected O(few cc/hr)

QC at AXON and at CERN
A degassing QC w/ He at AXON
A He tests and accelerated ageing tests on pre-series at CERN

17



ID PMT-FT: production status A launched

Total quantity: 5224 ID PMT feedthroughs ID PMT-FT
) Lot QTY AXON’ CERN
A AXON internal prototpyp — . :
. Finalize Arrive-)- Arriveda
mass-production rate = 40 FT/day.
+14d- +80d+
Pro 5 end May - -
A Preser i dimalizedAGJun® i t s Pre 56 Jun.29 wéth.Jul. -
First lot of 832-unit finalized A Jul.8 | st 832 Jul.8 end.Jul. mid.Oct.
2nd 832 Jul.29 mid.Aug. end.Oct.
A L d 6 ae planned monthly from July to 3rd | 832 Aug-3| id.Sep- ena.Nov.
November; final 176-unit lot in December. “th | 832 >ep-30 mid. Oct. end.Dec.
5th 832 Oct.29 mid. Nov. end.Jan.
_ _ ) 6th 832 Nov.30 mid.Dec. end.Feb.
A_ S_e a frei gh t IS 6;C_ ontrac 7th 176 Dec. |6 mid.Jan. -
air freight can reduce shipping by x6 ... if needed -

(from ~3 months to ~2 weeks)

« AXON’ internal prototype production finished.

A Connector supply initiaili drove [T ead ti me:
from ICRR and Fisher from CAEN. Shipping mode is the main lever to protect the
assembly schedule.
Batch Production / arrival snapshot
Pre 56 finalized Jun.29; air arrival early July
1st 832 finalized Jul.8; CERN sea arrival mid-Oct
2ndi 6th 832 each; finalized

7th 176 finalized Dec.16

SHVJ
CERN

.29

Y No



Factory review at AXON A checked production process, work instructions and airtight-test sensitivity
A AXON QC for all units: watertight test at 0.8 MPa for 2 h + visual gas leakage check

A Electrical QC: impedance, continuity, DWV 1 kV on cables, insulation resistance,
Fisher pin-pin 3.5 kV, VSWR and insertion loss.

A Airtight QC: pre-premold sample Snoop test + helium leak setup for production feedthroughs
A 1 cc/hour excess leak can be identified in short time (<5 min.) with the AXON setup
A Open before full-rate production: cable holding jig, watertight target, airtight criteria.

ielium leak test setup @ AXON

Impedance (over cable only)

¢ TDR mode on E5071C i ™
o For composite cable, per lot (200m) A\~ g .
®RG58  52+3Q = now ~53.5Q ; —
. ¢ RGI74 50£3Q = now ~50.0Q o e
A8 ale-slde & 2m cable / lot will be provided s g
leak Continuity Q\J\ W ol b WA
tector g ¢ Model 1100 Tester W
Lower part is ¢ All RG58 & RG |74 conductor and shield ‘ 5
inclined to reduce { Ji
T height of DWV on cable N /
5 workstation and WS e
) ¢ All RG58 & RG 174 1000Vdc - 5s A\ S \
2 bar (abs.) helium zigif:txﬂﬁ&'me A
needs to go down [nsulation Resistance
2 staiirs to get the 2 L ¢ AllRG58, RG174  1000Vdc, >5GQ or>1GQ
next FT harness) v ~ i
Cables are looped. - = a = DWV on HV C?thCTOF
No connector. ¢ YD98I | A withstand voltage tester
j # All Fischer pin-pin  3500Vdc - 30s
. . VSWR
AXON helium setup + electrical QC # 8720ES VNA

¢ All RG58 <1.5dB @ DC-300MHz

to vacuum pump and
He gas cylinder

QA/QC is defined at process level ;
final pass/fail criterion for airtightness is the main remaining point.



Total OD PMT-FT quantity in current plan: 342 units. OD PMT-FT
Lot | QTY AXON’ ICRR CERN
Finalize | Arrives- | Arrives)- | Arrivegda
A AXON nternal prototlype pr +7d | +14d- | +80d+
Pro Jun. |2 - - -
Pre Jun. 18 Jun.25 Jul. 13 -
Ist | 38 Jun.26 Jul.3 Jul.21 -
A ‘] a p anese p rocur ement cover 2nd | 44 | end. Sep. | early. Oct) late.Oct. - I ot
PI’O 21 Pre 8’ 18 381 2nd 44 Units. 3rd | 252 | end. Jan. - mid.Feb. | end.Apr
A 3rd lot is the | arge Korea " OD
feedthroughs.
* IVIISSION : pUrcnase £>< VU Teeatnrougn rrom . Ivioon (LNU, Korea)
« AXON is provider. The contract will be
A Ex pected Korea schedul e: t e nd madethrough SamTra international o

bidder selection by end July, purchase order in early August.

which is Korean branch of AXON.

» Under discussion of the detailed plan.
» Now we are in phase of document
preparation to get approve national (NRF 4

Vacum pated wit £12. ‘\

°,

and institutional fund (CNU) agencies
(currency rate, lead time and delivery
schedule will be determined soon).

Target : all 252 delivered to University of Tokyo by
end February 2027.

. Expected schedule (hopefully)
The tender announcement, bidding process are expected to take place
over the next several weeks and bidder selection are planned to be
completed by the end of July.
« The purchase order is planned for early of August, followed by the start
of manufacturing.
* Qur target is to have all items delivered to the University of Tokyo by

Status: early OD lots are underway;
the large 252 -unit lot depends on Korean procurement execution



A OD FT design keeps the ne Sample:al

and applies braid potting. 0.8MPa x 2hour
Visual check of leakage

: J FT adapter & 3
A Rationale: OD cables ar g “G0” gouge tocheck |

sheath; braid potting reduces water-ingress risk if cable
damage OCcCurs. is cut and connectors are attached.

» Test over FT with Water-side cable is
looped, after following airtight test, loop

cylinder geometry

» X% | more test setup to catch u

avoid production complexity and signal risks.

A AXON QC chain: incoming
assembly Y watertight test
preparation and connector

A Watertightx2hemsadlsamfles;&isuMP)a
leakage check.

A Factory review confi

minor improvements go into preseries batches.

/ Generally, the production is almost ready with well prepared

assembly, test apparatus / We confirmed that | cc/hour leak can be identified with AXON sett
» Signal (I cc/hour leak) can be identified in short time (< 5 min.).
» Some improvement required for mass production The rate is roughly consistent with expectation.
¢For FT housing assembly, a cable holding jig is necessary. »BG (permeation) rate was also consistent with expectation.

¢ Target of watertight test to be determined - only outer seal can be tested Time constant was much Ionger, and the reason is not understood yeT.

¢ Criteria for airtight test to be determined

QA/QC focus for OD FT is both airtightness and enhanced water -ingress robustness.



4. Active Re -gassing of vessels A mandatory ... but robust

Chosen Solution: Inject dry NFdirectly into each vessel
A 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)

22



4. Active Re -gassing Strategy A mandatory ... but robust

N, supply system at surface level (dome) comprising
manifolds, valves, filters, bottles, pump & drying bags

32

N; supply through COM cables to vessels

Vacuwum Pump
and Silica gel

Ng bottle

= Air Tube Manifold / 1U

» MPO LC Conversion Casset/ 1U

Ghemh Power x2 Optical ) W -
LOPE 10.1 ¢ 0.657, y > Tope Jacket
Sheath /i ) Paper 3.0 PVC 3.0¢ 0.45t
LOPE 8.5¢ 0.70t Braided Shield Filler
Tape d| TC285¢ Aramid
Paper 7.4¢ Nt SR Tnsilctse Optical Fiber
Filler 4 ~ T 50/125/250 OM3 x12
Cotton 7.3¢

- Tension Air Tube

Member Jacket

Qomid 1.0¢ T 0% 0.5t /

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

COM receptacle/FT design frozen, fully validated A production started
Nitrogen Supply system design frozen A prototyping phase



« COM-Plug will be directly
delivered to Japan without
individual watertightness test.

« Airtightness test in NX
PR, T | COM plug (+ cable) warehouse is considered.

Under test
\ﬁl

S
Dummy /J—l

Bottle of recepiacle

He
or
4/N mixture

« Idea is to build a dedicated
chamber with a dummy COM-FT
receptacle on it, then connect a
COM-FT plug and perform He
leak check as CERN site test.

COM Cable

Dedicated chamber Bobin

e

e |-channel chamber is under
prototyping with dedicated
dummy port and sniffer cover.

* Once the efficiency is confirmed

B

11 1

QA/QC covers electrical/optical performance and leak checks ;
COM-Plug airtight QA is still being optimized.



Receptacles : 1000 total planned; COM -FT assemblies:
950 total planned.

A 1 s t-FT®&a: 43 units delivered to ICRR on May 30
one provided for CERN assembly and one for MCC assembly.

A Sub s e q u-ETrbatch& @M end Jun, 200 end Jul,
100 end Aug, 200 end Sep, 200 end Oct.

A SUS316 receptacle bodies
ODUYNi ssei shipment due to
A Package design i mproved:;

under check.

A C ®Mg tender process is ongoing; lead time is being
discussed against installation needs.

* v 43 FTs delivered to ICRR on Jun.
> |FT / | inner box
> 20 inner box in | large box

43x43x37cm
Double-carton
Cardboard box

Weidmueller LV connector
is changed to avoid interference
between Elec.stand.

wer
pac
rep

RECE COM-FT
Lot | QTY | Nissei Lot | QTY | ICRR CERN
Arrival Arrival | Arrivey
+14d-

st 350end.Apr. st 43May.30  |mid, Jun

2nd  207end Jun. |mid.Jul.

3rd| 200end Jul.  |mid.Aug.

2nd 650end.May 4th|  100lend Aug. [mid.Sep.

5th| 200end Sep. |mid.Oct.

6th 200lend Oct. |mid.Nov.

1000 950
Status: COM -FT is in production ;

packaging /shipping issue is tracked and  mitigated.

QA/QC covers electrical/optical performance and leak checks




Vacuum to To each 12ch
— A——

A ____ Dehumidi
H= .

Siervewe
S5 g e

Ffue

cot

L K‘-‘-“
"

D e Lol L)
R

—
. N2 in
s : 0(0.1) L/hr

3 To each vessel

R0
LWy

BERREIEIBRTRITRTIPTEVARIIEZABTIBRD

A B0 1omem, A1 3R,
N AL

* Regas system prototyping.

 We check the flow with a bit
high flow rate, and very low
flow controller will be procured.

------------




5. OD Splitter Board Hardening A additional safety factor

Motivation: OD splitter is critical HV component not yet qualified for low P ops.
A not a primary operational mode, but mitigates time to failure

Reqguirement. Must operate safely down to 25 kPa absolute (Paschen minimum)

Expert Input: Defined strict design rules (creepage, clearance) and a robust
gualification test protocol (withstand, endurance, partial discharge tests)

Solution: Full potting of HV sections with dielectric epoxy (e.q., Stycast 2850FT)
to eliminate air gaps and prevent discharges
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5. OD Splitter Board A potting and HV tests at CERN

Splitter Board UK Splitter Board Japan

Japanese ubv sputter

Single board design. Multiple-boards design

TR
llll lllll llll il

OITIMTHT 1'*'
1n° j"l:,ll!l

: l. *
o,&‘ &.!-’&g | dy

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

Ry p— A The OD splitter is the critical internal HV
otting or spiccersaccerN | & .
onop . ~Hyper-Hamiokande component for low-pressure operation.
o Two sets of splitters were potted: Jik Lee, KNU Chieaciic il
D S o o ge-iaunch connectors polted at CERI and Korea — van Ghagantl Expert recommendations required |
| T o i RS LY. creepage/clearance control, connector redesign,
This version too cleanliness, and potting where rules cannot be
ok guaranteed.

2 L. ‘fv‘.‘f,‘ potting and edge
| Wil s@l”  connectors

.. f The final approach uses JC edge-launch
—  V5.25/v5.26 (final [ litt th JC edge-I h t tted CERN and K ' '

L \;Otting((}l(ns%1\é;ar3|on)splers}z\grean vsezsgﬁotiﬂgC(JKS%c;rLg?jch(r)sé)po od CERN and Koree connectors and full board potting, with process
s g i I 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.

10



5. OD splitter status: electrical tests passed, CT voids remain a QA item

il W/
e

TeStS Of V5.26 potted Sp|ltteI‘S at CERN Hyper.Kamiokande

o Partial discharge tests on PolLab v5.26 splitter boards: May 2026 ~ CERN Polymer Lab:

Roland Piccin

Noise level <15 pC and no PD signals detected on KS-010 board Pavan Chaganti

Voltage Medium | Pressure R(GQ) |[I(nA) |PD KS-010
DC 1 kV Air Atm 119 6 -
pressure
AC 1 kV Air Atm No PD
peak pressure
DC 1 kV Nitrogen | 250 mbar 80 12.8 |-
AC 1 kV Nitrogen | 250 mbar No PD
peak
DC 1.5kV | Air Atm 48.6 31
pressure
AC 1.5kV | Air Atm No PD
peak pressure
DC 1.5 kV | Nitrogen | 250 mbar 33 45
AC 1.5kV | Nitrogen | 250 mbar No PD
peak
DC 2 kV Air Atm 38 52
pressure
DC 2 kV Nitrogen | 250 mbar 31 64

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

at 250 mbatr.

Pre-production
~ of 20 v5.26
splitter boards

All boards pass Iow pessure DC HV
tests and partial discharge tests

'ik\ s,
J<Hyper-Kamiokande

Computed tomography v5.26 splitter (KS-002)

‘m' ‘m’ ‘m' ‘rh’ ‘m’ ‘vh’ ’ﬂr"m’

Roland Piccin

Top View

* Orange highlighted voids <1

mm and the red highlighted
zone voids > 1 mm (exist
between 13 to 11 mm depth)

* The board passed all the

electrical tests.

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.



A Part Procurement

splitter

Fi nal ver si on: v 5

2026-06-01
2026-06-29
2026-08-24

A Correct production basi

spares + 20 pre-production = 700 units.

A Pproduction completed: 20 splitters produced on
Apr.16; 7 potted and 13 kept unpotted for

sat | __End |

PCB & SMT Procurement

tests/setup/distribution.

Digitizer & Splitter PCB (550)

2026-10-05

2026-12-11

Company Maintenance

2026-12-28

2027-01-15

A 130 production units are o

Digitizer & Splitter SMT (550)

2027-01-18

2027-02-26

CERN planned by September 2026.

Lunar New Year Holidays

2027-02-05

2027-02-10

Digitizer Coating & Splitter Potting (150) /
Digitizer & Splitter Functional Test

2027-02-15

2027-03-19

1st (150)
Shipment

2027-03-22

Digitizer Coating & Splitter Potting (200) /
Digitizer & Splitter Functional Test

A Additional 550 producti on
schedule split into 150 + 200 + 200 shipments.

2027-03-22

2027-05-07

2nd (200)
Shipment

2027-05-10

Digitizer Coating & Splitter Potting (200) /
Digitizer & Splitter Functional Test

A 550 production delivery target Jul

by

y

2027-05-10

9,

2027-06-25

2027.

3rd (200)
Shipment

2027-06-28

Shipment

Target delivery window

1st 150

Mar.22 1 Apr.02 2027

2nd 200

May.10 i May.21 2027

3rd 200

Jun.28 1 Jul.09 2027

Status: pre -production done; 130 -unit production underway; 550
through mid -2027.

-unit campaign scheduled




A PCB producti on
passed; visual and dimensional inspection all OK.

A SMT QA: I PC Class 3 i

A Digitizer coating:

A Splitter Stycast

potting:

procedure suggested by CERN Polymer Lab.

breakdo

A HV validation: no
at atmospheric pressure and 250 mbar for 1
penultimate and 3 final potted boards.

A -rxy/CT scans are ongoing; final QA strategy for splitter

potting is still under discussion.

QA-stresskesl C1| as s

nspectio

Hatandar8 gracess. 1 |

285

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

3 thermal

cw s weisswrw wwas - " emr mrems e s msaeEs m e AL 7 RmESE e e e srsreemr s s wmEr e e e s s
X ray scans with the 3 potted ones are ongoing.
Voltage Medium Pressure R(GQ) I (nA) PD
DC 1 kV Air Atm pressure 75 13 -
: AC 1 kV peak Air Atm pressure - - No PD
- e k = - \ DC 1kV Nitrogen 250 mbar 100 10 -
KS-001 Pot_ted in ,KO rea AC 1KV peak | Nitrogen 250 mbar - No PD
. 4 1 DC 1.5kV Air Atm pressure 54 28 -
9 B «8i< B e BB : AC 1.5 kV peak | Air Atm pressure = £ No PD
. - v v @ '6 Tl TR LR . DC15kV Nitrogen 250 mbar 55 27
[ [ B L)l Salt f_lf rf A It AC 1.5kV peak | Nitrogen 250 mbar . 5 No PD
2 i lu- v} lh—s ' 'h— .-Thn-!L.T-hF-.F DC 2 kV Air Atm pressure 425 48
AR \ > 1 : DC 2kV Nitrogen 250 mbar 41 49
2o Voltage Medium Pressure R(GQ) I (nA) PD
) e A8 ) DC 1kV Air Atm pressure 90 1 2
‘ AC 1 kV peak Air Atm pressure No PD
c, “ T “, < J DC 1kV Nitrogen 250 mbar 78 12 -
- Y AC 1KV peak Nitrogen 250 mbar No PD
Pqtted AN Ko re DC 1.5kV Air Atm pressure 66 23 -
B, AC 1.5KV peak | Air Atm pressure No PD
DC 1.5 kV Nitrogen 250 mbar 44 34 -
AC 1.5 kV peak | Nitrogen 250 mbar No PD
DC 2 kV Air Atm pressure 31 65
DC 2kV Nitrogen 250 mbar 44 46
Voltage Medium Pressure R(GQ) 1 (nA) PD
DC 1 kV Air Atm pressure 119 6 -
AC 1kV peak Air Atm pressure - No PD
\ DC 1 kV Nitrogen 250 mbar 80 12.8 -
Potted at C E RN AC 1KV peak | Nitrogen 250 mbar . No PD
DC 1.5kV Air Atm pressure 48.6 31 -
| O 5 :
"~ M - Y AC 1.5kV peak | Air Atm pressure No PD

production -scale potting acceptance strategy remains the key item.



. 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.

« Supplier: MacArtney Mitigation: | |
. Gas pathway through multistrand - qualify degassing -tight replacement cables and
- retain HV -board/PMT potting as low-pressure and

conductor allows significant . .
. humidity hardening

degassing
e (Consistent result between sites,
samples, methods 12660

3.40 mg/L per day
6.5e-4 mbar L/s for 19.5 L
y =-0.0034x + 156.78

1.1640

el [g/L]

 After 10 years

60 mbar (15 C)
 After 20 years:

3.7 mbar (15 C)

h
&
8

inside the vess

Density of gas

1.1520
15/7/25 0:00 16/7/25 0:00 17/7/25 0:00 18/7/25 0:00 19/7/25 0:00



6. MPMTs: new cables

mMPMT-to-MCC Vessel Cable
Validation tests

MacArtney passed the criteria - aim to qualify alternative cables by the first week in March

Tt | Limt | Guangshou Lanhe(oL) | Xiamen Leaka 0

Mechanical properties
Electrical
Degassing

Radiogenic
contamination
Soak

Pressure

Rn Emanation

Same as MacArtney Penetrator short
100 Q impedance, good Awaiting
clock transmission, no replacement cables

crosstalk
No significant degassing v  Unpotted, shows no
when penetrator potted degassing
<1BqU, <1BqTh, v <3 Bq per cable,
<1 BqgK, per cable conservative on U
No significant v Attenuation lengths
degradation of water much larger than HK
No significant leakage Vv Ok, with worst

case result

<1 mBq per cable Earliest Feb. 27

HKPAC Meeting - March 2026 - mPMT overview

Penetrator short
Passed all tests
Preliminary result
expected Feb 27
Expected Mar. 6
Expected Mar. 2

Expected Mar. 4

Earliest Feb. 27

10
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6. MPMTs: new cables

Degassing:
Alternative cable ] -0.00165 mg/L per day
11918 K -0.32E-6 mbar L/s
. y = -1.65E-06x + 1.27E+00
1.1914 n: A 0l ‘: A A, 4 . &n:l o A
Guangzhou Lanhe cable { o R 4as m datn’
degassing test E 11013 RASRAIARE,
- this cable does not degas > A
when the MCC connectoriswell | 2101 N
Q AL A
greased S ey e
1.1911 ‘ ? ! i A y A “‘4:
A A i Y A “L A M A ’
1.191
A
1.1909
13/2/26 0:00 14/2/26 0:00 15/2/26 0:00 16/2/26 0:00 17/2/26 0:00 18/2/26 0:00

HKPAC Meeting - March 2026 - mPMT overview 11



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

12



Additional Material

37



A Company QC for all components: visual l nspecti on,
structure compliance, cable dimensions, resistance, optical
polarity and optical insertion loss.

A Measured r#0s.i2s tgan coep:t iCc.all Il nsertion | oss
criterion: OK < 2 dB.

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

A C ®Mg: individual watertightness test is not
foreseen before Japan delivery; airtight test in NX
warehouse is being considered.

A Dedicat ed -RIehamber: 1aakhel
prototype under development; multi-channel setup
after efficiency confirmation.

A Rassing system: manifold prototype for dry NFfeed,
each 12 channels, with vacuum/dehumidifying option.

QA/QC covers electrical/optical performance and leak checks
COM-Plug airtight QA is still being optimized.

tests



