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Fibers to be procured for the new Link System

Barrel Used For redundancy Spares Total
Fibers per Sector 9 9 6 24
Fibers per Trigger tower 54 54 36 144
Total Fibers Barrel 540 540 360 1440

Endcap Used For redundancy Spares Total
Fibers per Sector 8 8 8 24
Fibers per Trigger tower 48 48 48 144
Total Fibers Endcap 384 384 384 1152

• A total of 1440 (barrel) and 1152 
(endcap) OM4 fibers (including 
spares) to connect the RPC 
Master Link boards and Control 
boards in UXC to:
• RPC Backend for fibers from 

the Control boards.
• Barrel Layer 1 (BMTF L1) for 

fibers from the Barrel Master 
Link boards.

• RPC Endcap Cluster 
Finder (RECF) for fibers from 
the Endcap Master Link 
boards.

Patch Panel
UXC 

RPC 
Backend

Patch Panel
USC 

24 LC to 1 MTP
x 48 Endcap
x 60 Barrel
5.1-34.5 m

12 LC to 1 MTP 
x 30 BMTF  (1 MTP for 2 sectors in the barrel)

x 25 Backend Barrel
x 20 Backend Endcap 

Link board boxes
(LBB)

BMTF
Layer 1

REFC
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6 MTP24 to 144 LC
x 8 Endcap
x 10 Barrel

44-75 m

Control Board

Master Link Board

Control Board

Master Link Board

…

12 LC to 1 MTP
x 20 REFC

Cable 2 Cable 3 Cable 4

USC 
Rack

YE3 YE1

Link Board
Box Patch

Panel UXC

Mini Cable Chain

Main Cable Chain

Patch
Panel  
USC

Experimental Cavern Service Cavern

Cable 2 

Cable 3 

RE+4

Cable 1
(copper) 

RE+3

USC Rack

BMTF/
REFC/

Backend

Cable 4 

Fiber routing schematic for the Endcap

YB+1YB+2

Barrel Cable Chain

Cable 3 
Wheel+2

Cable 1 
(Copper) 

Link Board
Box

YB 0

Patch
Pannel UXC

Cable 2
USC 
Rack

Patch
Panel  
USC

Service Cavern

USC Rack

BMTF/
REFC/

Backend

Cable 4 

Experimental 
Cavern

Fiber routing schematic for the Barrel

Installation period (LS3)

RPC Link System Upgrade

The new Link System will replace the present RPC Link system during LS3 using high-
performance electronics. 
Key parameters:
• This will improve the time resolution from 25 ns to 1.56 ns.
• Data transmission will be increased from 1.6 Gbps to 10.24 Gbps for the Master Link 

board
• Control Board communication with RPC Backend electronics: 4.8 Gbps

Control 
Board 

Master
Link 
Board 

Tx_1 Tx_1
Rx_1 

Tx_2
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Tx_2
Rx_2 

• The Master Link board design includes a redundant transmission channel (Tx_2)
• The Control board design includes two redundant channels, one for transmission (Tx_2) and one for reception 

(Rx_2).
• The splitting of the signal is needed for OMTF, this is solved with the additional Tx_2.

Active connection Active connection
LC connector MTP adapter LC adapter MTP connector

0 dB 0.3 dB 0.35 dB 0.3 dB 0.35 dB 0 dB

Connector loss = 0.3dB + 0.35 dB + 0.3dB + 0.35 dB = 1.3 dB 

General requirements for the fibers
• OM4 multimode fiber
• Cores phosphorous-free
• Cables with Low Smoke Zero 

Halogen (LSZH) jacket

Maximum fiber length = 120 m
Fiber type = OM4
Total channel insertion loss = (fiber length x loss)  + Connector loss + Splice loss

=  120 m x 2.5 dB/km  +         1.3 dB        + 0 dB
=  0.3 dB   +    1.3 dB  = 1.6 dB

Irradiation test at CHARM with fiber samples
CHARM (Cern High energy AcceleRator Mixed field facility) is a CERN radiation test facility.

The data obtained with the OTDR (optical time domain reflectometer) show no significant
attenuation effect on the optical fiber after the CHARM irradiation period, corresponding
to 147 Gy of received dose. Based on this result, these fibers meet the total integrated
dose requirements equivalent to ten years of HL-LHC operation, 10-12 Gy, with a safety
factor close to 15.
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Conclusion

The installation and testing of the optical fibers is a crucial step
to achieve the commissioning of the new Link System that will
be installed during the LHC LS3.
The design and routing for the optical fiber connection between
the new Link System and the RPC backend/BMTF/RECF is ready.
The CHARM test shows that the effect of attenuation due to
radiation is not significant. The next step, which is acquiring the
fiber, is in process.

- Before irradiation
- After irradiation  

CMS Preliminary CHARM

BMTF (RPC + DT) OMTF (RPC + DT + CSC)

EM
TF (RPC + CSC)

[CMS-TDR-016, Fig 1.4, https://cds.cern.ch/record/2283189]

[Longer term LHC schedule, June 2024, http://lhc-commissioning.web.cern.ch/schedule/LHC-long-term.htm]

https://cds.cern.ch/record/2283189
http://lhc-commissioning.web.cern.ch/schedule/LHC-long-term.htm

