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Outline

• Conceptual scintillator module/layer assumption
• Interfaces

1) Electronics hardware location on magnet
2) SiPM to WLS fiber/scintillator
3) Cable routing and bundling 

• Summary
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TMS Geometry Assumptions
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Front view
of TMS

Extractable scintillator cassette (= 1 TMS layer) contains:
4 modules with 48 scintillator bars each 
à 192 SiPMs and readout channels per layer
à Couples to 3 CAEN FE boards (64 channels each) per TMS layer

à Scintillator bars are (near) vertical with SiPM either at top or bottom

Extractable cassette



1) FE-Electronics Location
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Front view
of TMS

FE-Electronics:
1) Side Mounting (left or right; near top or bottom of cassette, depending whether SiPMs 
will be mounted on top or bottom of scintillator strips)
à Mounted on side of magnet near cable channel of cassette
2) Top Mounting is in principle viable option (with additional cable routing complications)

à Requires interface board between chosen cable/connector type and FE-board interface
     (conceivable to integrate “correct” connector onto CAEN FE board)

Extractable cassette

Elec 1

Elec 1

Elec 1

Elec 1
Alternate FE-Elec
Mounting



1) FE-Electronics Location
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Questions for magnet and facility (and safety) groups:
• What locations are available for electronics mounting ?

• Fewer centralized locations ?
• More widely distributed locations ?

• What will accessibility be ? 
• Preferences for type of FE-Electronics Mounting:

• Crate or boxed stack mounting ?
• Individually boxed FE card mounting ? 



2) SiPM to WLS Fiber/Scintillator Interface
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Assumptions:
• 1 WLS fiber per scintillator bar with nominal diameter of 1.4 mm or smaller
• 1 connector with SiPM and mini-PCB per scintillator
• nominal 2 shielded mini co-ax cables per mini-PCB (one for signal, one for bias voltage)
     but very likely can reduce to one mini co-ax cable and use AC coupling on FE side
  à R&D task for electronics group: demonstrate single coax cable per channel with AC coupling 

Questions for scintillator group:
• Does packaging for 48 bars provide light tightness or is other scheme foreseen ? 
• What are resulting requirements for connector ?  

TMS prototype scintillator
Cut open view of connector 
for l.y. measurements

Connector base with WLS fiber 
ferrule attached to scintillator 

Connector top with
SiPM and miniPCB 

miniPCB: connector to cable 

spring loaded pogo pins



2) SiPM to WLS Fiber/Scintillator Interface
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Questions for scintillator group:
• Does packaging for 48 bars provide light tightness or is other scheme foreseen ? 
• What are resulting requirements for connector ?  

Example from T2K SMRD :

Reference:
NIM A 698 (2013) p. 135-146
https://arxiv.org/abs/1206.3553

http://dx.doi.org/10.1016/j.nima.2012.10.001
https://arxiv.org/abs/1206.3553


3) Cable Connections Approach  
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Cabling options summary for all cases:

1) Establish cable connections and perform tests of many individual cables at factories

2) Only make few ribbon cable connections in detector hall during installation



3.1) Cable Routing and Bundling

T. Kutter (LSU), V. Paolone (UPitt)March 14, 2024 9

Cabling option 1a :
Individual mini-coax cables form each scintillator to conversion board at edge of cassette
e.g. : Hirose mini-coax, typical OD: 1.13 mm, groups of different lengths, cost TBD

1 2 3 192

Cable channel:

3 (x2) ribbon cables
e.g. SamTech

Cable conversion board
Extractable cassette

… Scintillator bars …

192 (x2 cables)

Example conversion board

~ 7m



3.1) Cable Routing and Bundling

T. Kutter (LSU), V. Paolone (UPitt)March 14, 2024 10

Cabling option 1b :  advantage over option 1a: overall shorter cables
Individual mini-coax cables form each scintillator to conversion board at edge of cassette
e.g. : Hirose mini-coax, typical OD: 1.13 mm, groups of different lengths, cost TBD

Example conversion board

1 2 3 192

Cable channel:

2 (x2) ribbon 
cables
e.g. SamTech

Cable conversion board
Extractable cassette

… Scintillator bars …

192 (x2 cables)

~ 7m

Cable conversion board
1 (x2)  ribbon cables
e.g. SamTech



3.1) Cable Routing and Bundling
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Cabling option 1:     e.g. : Hirose mini-coax, typical OD: 1.13 mm



3.2) Cable Routing and Bundling
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Cabling options:  
Individual cables to nearby conversion boards then ribbon cable(s) out to edge of cassette and 
to FE boards,   e.g.: short Hirose cables + longer SamTech cables

1 2 3 192

Cable channel

Bundle of 
ribbon cables 

Cable conversion boards Extractable cassette

a) Use 10, 20, 30, 40, 50 coax Samtech 
cable/connector: 

b) Use 80 pin coax Samtech cable/connector à 
total of 3 (one per FEB)



3.2) Cable Routing and Bundling
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Cabling options:  
Individual cables to nearby conversion boards then ribbon cable(s) out to edge of cassette and 
to FE boards,   e.g.: short Hirose cables + longer SamTech cables
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Cabling options:  
Individual cables to nearby conversion boards then ribbon cable(s) out to edge of cassette and 
to FE boards,   e.g.: short Hirose cables + longer SamTech cables



3.2) Cable Routing and Bundling
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Cabling options:  
Individual cables to nearby conversion boards then ribbon cable(s) out to edge of cassette and 
to FE boards,   e.g.: short Hirose cables + longer ribbon cables

Other potential vendors:



Preliminary task list for Electronics Group
• Select suitable SiPM
• Design SiPM board (connector interface)
• demonstrate single coax cable per channel with AC coupling
• Identify cable options and perform tests (routing interface)
• LED light injection (connector interface) 
• Identify FE electronics housing/crates (magnet interface)
• Check CAEN electronics features 

– SiPM spectra in timing mode, 
– trigger rates and deadtime 
– Trigger configurations
– Integration of LED pulsing
– … 
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Summary/Outlook

• Many questions and unspecified parameters exist
• Used conceptual approach to readout 19,200 TMS WLS 

fibers/scintillators to start discussion of layout and interfaces

• Interfaces and preliminary list of options
– Options for FE-electronics locations à need input
– SiPM to scintillator à need input
– Cable routing and types in TMS module cassette à only brought 

forward some ideas to solicit feedback and narrow options before 
being able to identify candidate cables

• Meant as start of discussion and to collect external constraints
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