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FD Multi-PMT
• 19 Hamamatsu R14374 PMTs
• PMT with HV+FEB boards
• Main board with AMD Zynq-7000 FPGA
• Underwater cable with a feedthrough
• LED multi-PMT with light sources
• Total number: 808 multi-PMTs
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FD working group
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Country multi-PMTs LED multi-PMTs MCC vessels Budget 
(Oku-yen, share)

Italy 302 + spares — — 5,69 (36%)

Poland 302 + spares — — 5,84 (37%)

Mexico 4 — — 0,15 (1%)

Canada — 200 + spares — 3,89 (24%)

Czechia — 104 + 6 spares 0,34 (2%)



multi-PMT production and delivery schedule

• This plan includes a very limited contingency (~2 weeks)
• multi-PMTs must be delivered to Japan at least 3 months before installation
• Efforts are ongoing to engage with suppliers and minimize delays
• Sharing of mechanical components between Canada and EU also 

considered

Section Delivery target 200 LED multi-PMT 608 Multi-PMTs

Top Feb 2027 48 Sep 2026* 120 Dec 2026

Upper 
Barrel

Apr 2027 60 Oct 2026* 200 Apr 2027

Lower 
Barrel

Jun 2027 60 Jan 2027* 200 Jul 2027**

Bottom Sep 2027 39 Mar 2027 88 Sep 2027
*LED multi-PMTs delivery will be postponed until NX warehouse is ready
** Increasing the assembly speed may help avoid exceeding the 3-month rule
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Degassing status

• Degassing through:
• Acrylic dome
• POM-C cylinder
• Underwater cable

• New cable significantly
lowered degassing rate

• Additional cost of potting
• Material: 70 Euro/multi-PMT
• Labor: 190 Euro/multi-PMT
• Cost depends on site

HV board potting
Securing electronics and 
PMT pins with same resin 
as FD4 OD splitter

Mitigation completed

• Degassing of the air from the mPMT to the surrounding degassed water will 
lower the multi-PMT internal pressure over the time

• Low pressure may cause HV discharges on HV boards -> causing channels 
failures, HV trips
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Underwater cable status
The cable procurement:

• WUT (~310 cables + bulkhead connectors),

• Carleton (~210 cables + bulkhead connectors),

• INFN (~310 cables + bulkhead connectors)

Mitigation completed

• Validation test completed: Xiamen Kabasi Electric Co. selected
• Rn emanation test for the Xiamen cables ongoing in 

Poland/planned in Japan 
• Technical Note prepared and shared with reviewers 
• Lead time for cables: 3 months after the signature of the 

contract 
• Rn emanation test finished end of June
• First contract to be signed end of June
• Cables delivery Sep/Oct 2026

• Assembly strategy modified to limit the delay 
• Quotation

• 420 USD per 30 m cable (3 months lead time)
• 125 USD per bulkhead connector (1-2 months lead time)
• Total: ~450 000 USD, 390 k€ (budgeted 1150 k€)
• Savings: 760 k€ 
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multi-PMT matrix

Gel degradation due to matrix
• Gel degradation tests has been performed to validate multi-PMT 

matrix material PA12 (nylon)
• Significant transparency degradation observed in contact with 

matrix material, measured half-life (in samples at room 
temperature):

• Aluminum holders (no contamination) =  ~28 years
• Black ABS holder: 15–19 years (LED-FEB holders)

• Black dyed nylon (PA12 / PA12S): ~3–4 years

Different acrylic coating sprays tested:
• Un-dyed PA12: moderate (~10 years)
• Krylon 1303 (Crystal Clear Acrylic Coating ): 

• best protection (half-life ~13 years)

Summary: 

• all matrices will be sprayed with Krylon coating to prevent 
transparency degradation

• additional costs ~70 EUR/multi-PMT

LED-FEB 
ABS holder

Mitigation completed
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multi-PMT shipping costs

multi-PMT shipping costs

Site Sea cost 
/mPMT 

Air cost
/mPMT

Package
/mPMT

Total 
air/mPMT

Italy 190 € 330 € 150 € 480 €

Poland 160 € 360 € 130 € 490 €

Canada 187 € 365 € 130 € 495 €

• Significant uncertainty remains, with an expected increase in 
transportation costs

• Cost of transport from sites to Japan:
• Secured in budget ~350€/multi-PMT, updated ~500€/multi-PMT

• Additional costs:
• For transporting PMTs between Italy and Poland: ~25,000 €
• Storage shortage in Japan: ~35,000 €
• Total ~60,000 €

• Estimated sea freight delivery times:
• Poland → Japan: 65–75 days
• Canada → Japan: ~54 days

European cardboard box

Canadian box
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General Status
• Most key components are contracted and remain within the projected budget
• Several elements of the multi-PMT construction were not included in the original budget
• Technical challenges have led to additional cost increases
• Change of underwater cable manufacturer provides substantial savings (~760 k€)

FD2 Additional Cost Summary (830 mPMTs)
• Matrix coating: 70 €/mPMT 
• PMT potting: 260 €/mPMT 
• Subframe: 160 €/mPMT 
• Air transport increase: 140 €/mPMT
• multi-PMT storage in Japan and PMT transportation in Europe: 60 k€ 
• COM cables: 172 k€ 
• MCC increased memory ICs cost: 20 k€
Total additional cost: ~770 k€ -> Net deficit: ~10 k€ (~0.1% of total budget)
Risks and Outlook
• Transportation costs remain highly uncertain
• The current international situation may lead to further increases in logistics costs

FD2 cost summary
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Summary

• Multi-PMT assembly already started
• The gel degradation issue has been successfully resolved through the 

application of an acrylic coating
• An underwater cable supplier has been selected; final Rn emanation 

measurement results are currently pending
• Delivery of key assembly components has been delayed due to raw 

material shortages linked to the ongoing conflict in the Middle East
• A mitigation plan has been implemented, and an updated delivery 

schedule aligns with the installation milestones for the HK detector
• The FD2 group currently faces a modest overall cost shortfall (~10 k€) 

driven by additional unbudgeted items and increased transportation 
costs
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Backups
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multi-PMT assembly delay in Europe
• Raw materials shortage linked to the ongoing conflict in 

the Middle East
• Two main factors that produce assembly delays:

• Delays in delivery of mechanics for EU multi-PMTs (cylinders, 
acrylic covers, clamping rings)

• Under water cable production (3 months)
• First delivery of cylinders and clamp ring to EU first week 

of July (07.2026)
• → start of «partial» assembly mid-July (07.2026)

• The first phase, assembly of: 
• PMTs + support + cylinder + cover + clamp ring and gelling: 
• 60 gelled multi-PMTs can be prepared in 1 month 

• Second assembly phase, when underwater cable and 
backplate ready:
• main-board+backplate+cables 

• 12 multi-PMTs assembly and testing in 2 days 
• Thus, 60 multi-PMTs can be closed in about 2 weeks

• Electronics procurement being (mostly) complete, most 
critical chips have been already purchased

Mitigation completed
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FD2 multi-PMTs in HK

• multi-PMTs are distributed as uniform as possible
• TEC and BEC distribution is the same
• Total multi-PMT: 808 = 128 TEC + 552 barrel + 128 BEC
• LED-multi-PMT: 200 = 16 TEC + 168 barrel + 16 BEC

Section LED multi-PMT multi-PMT Total multi-PMT MCC vessel

Top 16 112 128 16

Upper 
Barrel

84 192 276 36

Lower 
Barrel

84 192 276 36

Bottom 16 112 128 16
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MCC and vessel status
• MCC – multi-PMT Concentrator Card
• System overview: 104 vessels (+~5% spares), based on FD4 design; include 

stainless-steel body, aluminum support, and redundant MCC electronics
• MCC boards: SoM (System on Module with FPGA)  secured in advance, 

critical components purchased, 1st MCC boards batch in September 2026
• Vessel: critical components ordered or delivered
• Vessel assembly plan: 

• 1st batch, 18 MCCs, assembly 14 Oct 26  (top end-cap)
• 2nd batch: 92 MCCs, assembly 16 Jan 27 
• Assembly speed ~1 vessel/day initially then ~2/day; schedule depends on critical 

component availability

• Increased costs:
• memory ICs: 20 k€
• COM cables cost: 172 k€
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multi-PMT assembly subframes and costs
• We need 256+ endcap subframes and 552+ barrel 

subframes
• Exploring two solutions of multi-PMT mounting; welded 

and weld-free versions
• Welded solution more expensive
• Weld-free (bolted) – less expensive, but assembly 

needs to be organized
• The main deciding factor will be the overall price
• Wide cost range: 

• Welded designs ~217–567 €
• Bolted designs ~78–344 €
• Estimated ~ 160 €/multi-PMT

• Current direction: strong push toward weld-free design 
with optimized assembly (third-party or in-house)

endcap subframes barrel subframes
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