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Conclusions (?!!)

2024-06-20 D. RICCI | Preparing C2F in ATS and beyond | CTTB - EF+RadWG - Indico 1423974 3

We (ATS) need to buy a full set of certified rad-tol opto-components

• Lasers, laser drivers, optical transceivers (see J. Troska’s talk)

We need to buy them NOW from EP-ESE

• Profiting of a new contract in preparation;

Money should not be a worry/driver at this stage → we talk technical, 

… and we come out with a list of possible needs!

• To be finalized at the next EF + RadWG joint meeting (August? early September?)
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➢ Copper cabling situation in the accelerators

➢ Existing (or quasi-existing) opto-electronics system solutions

➢ Feedback from past experience

➢ Proposal and open discussion

Outline

2024-06-20 D. RICCI | Preparing C2F in ATS and beyond | CTTB - EF+RadWG - Indico 1423974 4



ENGINEERING

DEPARTMENT

• ~450,000 copper cables (mostly signal) registered in the EN-EL database

• Most of the injector areas (and related galleries) are clogged. LHC areas soon to come

• Cabling services provoked project arbitration for both LS1 (2013-14) and LS2 (2019-21)

• Will be hardly accepted for LS3 (2026-28)

• Not tolerated for LS4 (2033-34)

• De-cabling project was launched in 2016 (to continue up to LS3)

• Massive investment of resources (~10MCHF in 10 years + proj. coordination)

• Still removed volumes are insufficient to free space durably

• Replacement of irradiated (and aging) cables in the injectors

• ~1 MCHF per SPS half-point (>1000 cables) + ALARA 3 + removal beam-line

• ~30m3 of radioactive waste

• Not anymore able to keep the periodicity within current LS schedule

• LHC never done so far: estimated at double the complexity for P3 and P7
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Copper cabling situation in the accelerators
…at a glance
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Future project cabling remains challenging
HL-LHC, NA-CONS, PSS, Acc. systems Cons/Upgrade, …

Signal copper cables vs 
optical fibres for HL-LHC
Daniel RICCI (Fibre Optics & Cabling, EN-EL-FC)

HL-LHC TCC meeting, 15 April 2021

Acknowledgments: J. BLANC, D. DE LUCA, S. MACHADO

EDMS 2536098
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Conclusions II
§ The cable tray integration in the LHC tunnel is a major challenge that has been requiring a lot of 

resources. The limited real estate available has led to reduce the quantity of available space for 
spare cables (see S. Bertolasi presentation). The choice of basket is not the preferred one, but 
no other solutions have been identified. (If in P1 the larger tunnel size will allow to use a less 
aggressive approach, this will be implemented). In the last days EN-EL has pointed out that, 
following the latest PRE-DIC, some cable tray section would not be enough to host all the 
required cables. We will start tackling this new issue from next week. The cable tray philosophy 
cannot change; local adjustments could be needed, requiring (i.e.) the use locally of special 
cable tray profiles.   

§ The work organization is taking shape and we (Project/EN-EL/BE-EA) are proactively working to 
solve pending points. For example, following recent discussion with EN-EL, the strategy for the 
de-cabling of the forward physics has been changed involving BE-EA (that are studying the 
matter), that is analyzing the task.

§ From the project point of view, we have seen a (much appreciated) increase of EN-EL resource 
allocation, following LS2. Nevertheless, the project thinks that a further increase in commitment 
and involvement will be required to ensure the successful execution of the HL-LHC related 
activities.      

Paolo Fessia HL-LHC cabling review 22/11/2022 24

From the HL-LHC C&S cabling review (Nov 2022)
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Motivation:

❖ Keep organising copper cabling in the accelerators like today is not realistic in the long-term

❖ There is a clear requirement from the hierarchy to come out with innovative solutions, in order to
drastically limit the impact of arbitrations in preparation of long-shutdowns

o …while possibly optimising the space in the machines, to limit civil engineering and operation costs

o …while possibly reducing the radioactive waste and power consumption (green transition)

❖ Optical fibre passive components and installation techniques are nowadays mature enough to
support the transition

o Rad-resistant fibres available for multiple applications

o Specialty hollow core fibre R&D launched

o Air-blowing technique is consolidated

How to achieve maturity on the active equipment (rad-tol) side?
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Enabling copper-to-fibre conversion
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Existing opto-electronics solutions

Courtesy Grzegorz Daniluk (BE-CEM) – Wiki: https://ohwr.org/project/diot/wikis/home

One available 

optical board 

(non-rad) 

Missing 

rad-tol

optical 

board

DI/OT - Distributed I/O Tier

• electronics modules controlled by
the master in the Front-end tier over
the fieldbus.

• Usually FPGA-based boards sampling
digital and analog inputs, driving
outputs and performing various
safety critical operations.

Versatile Transceiver (VTRx)

• bi-directional rad-tol custom-developed module loosely
following the SFP+ form-factor

Courtesy F. Vasey et al. (EP-ESE) – Versatile Link Application Note v2.7

Past development in EP-ESE

(precursor of the current CTRx and CTTx)Developed in BE-CEM

https://espace.cern.ch/project-versatile-link/public/Versatile%20Link%20Public%20Documents/Forms/AllItems.aspx?RootFolder=%2Fproject%2Dversatile%2Dlink%2Fpublic%2FVersatile%20Link%20Public%20Documents%2FApplication%20Note&FolderCTID=0x012000C0F91CCD359E9D42A72A0A137E4AD0A6&View=%7B90A3B494%2D2763%2D4DFE%2D97AF%2DFA9E917D2E1B%7D
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Quasi-existing opto-electronics solutions…?

Missing 

rad-tol

optical 

board

Versatile Link architecture

• Customized (rad-tol) VTRx at front-end

• COTS TRx at back-end

• Conventional SM or MM optical fibres
(rad-tol available)

DI/OT - Distributed I/O Tier

Could these two be effectively combined?

Past development in EP-ESE

(precursor of the current CTRx and CTTx)
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Its expertise covers (among others): radiation-hard ASIC design, optical 
links, access to deep submicron technologies. It has unique expertise in 
radiation hard electronics and systems.
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Activities in EP-ESE group (1/2)
Electronics Systems for Experiments

• They are developing with SY-BI a customization of the 
VTRx/VTTx single-mode module (CTRx/CTTx) for the BLM 
and BPM consolidation projects.

• This customization includes running the Tx at 10Gbps, and 
selecting its operation wavelength on a CWDM grid to allow 
wavelength multiplexing of up to 4 channels into one fiber
(so, up to 40Gbps per fiber).

• This is a rolling project with a production forecast of about 
7000 modules (in one shot) by end-2025.

• If more users are interested in this concept, it would be 
relatively easy to integrate them at this stage, and to build a 
stock of components in view of a standardized solution 
available from 2026 onwards.

Courtesy Manoel Barros Marin (SY-BI) @RadWG:
https://indico.cern.ch/event/1383997/timetable/#20240222

RadTol ADC

RadTol Optical Tx
(or 2-mux?)

RadTol Optical Tx
(or 2-mux?)

Back-End

COmpact MEdical Therapy cyclotron
(COMET)

Radiation tested COTS as an alternative to 
VTRx/VTTx (Nov. 2022):

• Small and Quad Form-factor Pluggable 
transceivers (SFP, QSFP)

• 6 out of 8 DUT did not pass the test

SY-BI: LHC BPM consolidation project

Coarse Wavelength Division Multiplexing (CWDM)

https://indico.cern.ch/event/1383997/timetable/#20240222
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Activities in EP-ESE group (2/2)
Electronics Systems for Experiments

• Longer term: they are doing R&D on a 4x25G SM WDM system based on Si photonics. This path is not 
fully developed yet, but it would be an elegant standard solution for 100Gbps links from 2030 onwards.

To summarize, there are two paths the ATS could follow:

I. Keep on testing COTS, and establish a catalogue (and stock) of acceptable parts 
for selected environments;

II. Standardize certified rad-tol components produced by EP-ESE

• For the short term (2025):
• Short distance MM links: VTRx+
• Long distance SM: CTRx/CTTx (as for BLM/BPM)
• Note that the time to decide on either short-term solution is NOW as 

production (in the VTRx+ case) or procurement and qualification are ongoing.

• For the long term (2030):
• Contribute to R&D on Silicon photonics

→ FCC !
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SOME FEEDBACK FROM PAST (AND PRESENT) 

EXPERIENCE
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13

HL-LHC (speculation)

HL-LHC cabling plant (copper)

15/04/2021 5

13

Q1 Q2a-Q2b Q3 CP D1 D2

UL17

194 MPE Cables

(EE, Triggers+ Monitoring 

Heater Power supply, 

Qloop)

362 Cables

98 Cables

20 MPE Cables to Q6 (Vtaps)

1 MPE Cable Fip Bus/Ethernet to RR17

77 Cables Survey  to TAXN, D2, CC

307 Cables

64 MPE Cables To RR17 (Trigger, Aux, PIC)

87 Survey vs Q4,Q5,Q6

1 Suvery Fip Bus to RR17

48 MPE Cables (Vtaps)

18 Cable Survey vs Q1-D1

2 Access to US152

DY…

14 R
ack

s

UA17

UR15 UR15

UL16

TAXN

CC

IP1

70 Cables

194 Cables

152 Cables

US17

TE-MPE Cables 

EN-SMM  Survey 

DRAFT

D. De Luca EN-EL-FC
NB: numbers outdated

Typical 
configuration for 

two major 

systems transiting 

from UR to LHC 

(via UL and UA)

D. RICCI, Optical fibres for HL-LHC - TCC, EDMS 2536098

Replacement assumption

15/04/2021 12

• 3 options considered

1) 1 optical fibre = 1 copper wire

2) 2 optical fibres = 1 signal cable

3) 2 optical fibres = all signal cables between two positions

Position A Position B Position A Position B
NE12
NE12
MCB16
NE26

12 fibres
12 fibres
16 fibres
26 fibres

Position A Position B Position A Position B

2 fibres

NE12
NE12
MCB16
NE26

Position A Position B Position A Position B
NE12
NE12
MCB16
NE26

2 fibres
2 fibres
2 fibres
2 fibres

D. RICCI, Optical fibres for HL-LHC - TCC, EDMS 2536098

From the HL-LHC TCC meeting: 15 Apr 2021

Summary of very preliminary estimates

15/04/2021 16

Copper 
cables

Optical fibre 
(option 1)

Optical fibre 
(option 2)

Optical fibre 
(option 3)

Cable/duct quantity 87 11 3 2

Cable/duct length 13659 m 11500 m 2512 m 1727 m

Space occupancy in 
UL17 

154.10 cm2 68.75 cm2 18.75 cm2 12.5 cm2

Space occupancy in 
racks

-
62U (LHC) + 
48U (UR15)

14U (LHC) + 
8U (UR15)

11U (LHC) + 
4U (UR15)

Total cost 112.6 kCHF 473 kCHF 84.5 kCHF 48 kCHF

Most realistic option

• Optical fibre assumptions
• No rack installation cost considered yet

• No patch-cables considered yet for inter-rack distribution (only patch-cords) 

• Direct termination in user rack considered (not passing by OFSP) à more fibre cables required if otherwise chosen

• Installation of radiation resistant optical fibres included à not included in the estimate for copper cables

• Based on prices from S214 contract

• More fibres than initially required may be installed, due to optical fibre cable standards (ex.: cable designed with 

6, 12 or 24 fibres)
• Pro-rata cost per fibre could be re-distributed on multiple users sharing a common fibre infrastructure

D. RICCI, Optical fibres for HL-LHC - TCC, EDMS 2536098



ENGINEERING

DEPARTMENT
2024-06-20 D. RICCI | Preparing C2F in ATS and beyond | CTTB - EF+RadWG - Indico 1423974 14

Replacement of the WIC system (in YETS 2024-25)
Warm Magnet Interlock Controller

Courtesy Richard Mompo (TE-MPE) - wic.web.cern.ch

Aging system to be replaced: new design (copper based) already finalised and rolled out for deployment (see backup slides)

Preliminary new-cabling design (2022) → all passing via optical fibres

Unavailability of opto rad-tol cards for the 

crates, lead to abandon this design

Courtesy Jeremy Blanc(EN-EL)

Remote power cycle via NE48 copper 

cables (24 pairs) in case of SEU

No repeaters needed anymore

Connections via NG4 copper cables (2 pairs)
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FCC-ee Radiation and Shielding Meeting: raises questions on 
radiation resistance of systems active equipment and cabling.
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FCC – Future Circular Collider

EN-EL is anticipating this trend by sustaining

an R&D program on next generation 

radiation-immune (hollow core) fibres.

Courtesy of B. Humann

• Simulated radiation levels in FCC-ee arcs are very high for optical fibres.

• Given the size of FCC optical links are expected to be very long

FCC-ee will require further developments of radiation resistant OF technologies

First spectral study of a nested anti-resonant hollow core fibre demonstrating 
200 nm of near-zero radiation induced attenuation (C+L bands) 

RECORD RADIATION RESISTANCE [7]

Good basis for a more structured coordination

with active equipment designers...
see Versatile Link+ in backup slides, as an example
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Locate ourselves…
A typical R&D process may take ~ 5-7 years. Plus 2-4 years more to achieve stability 
and high yield in the mass-production → we span over ~10 years (at best…)
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2023 2024 2025 2026 2027 2028 2029 2030 ... 2035 ... 2040

Year1 Year2 Year3 Year4 Year5 Year6 Year7 Year8 Year9 Year10

Concept Research • Research

• Development

• Proof of concept

• Freeze the technology

• Research

• Development

• Prototyping • Contracting

• Pre-series

• Mass-

production

• Mass-

production

• Trouble 

solving

• Mass-

production

• Corrections/   

Improvements

• Final yield

• Integration 

of late 

requests

• Deployment

• Of an “old”    

(but functional) 

technology

LS3 + HL-LHC deployment (too late!) LS4 (2033) LS5 (2039)

HL-LHC upgrades?

FCC design

FCC construction

We are here
(and start to be late…)

Pilot deployment for FCC systems?!?

9 years

SY-BI might install a pilot already at this stage!
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Seeking for the collaboration of the groups represented at the Electronics Forum & Radiation Working 

Group to promote a change of mindset across the organisation:

• To progressively switch from copper to fibre optics technology (~10 years) 

• With the endorsement of the Common Hardware & Software Technologies Technical Board (CTTB)

We have now a good momentum at CERN to capitalize the efforts done on:

✓ Pre-assessing rad-tol COTS transceivers (by BE-CEM and SY-BI, via RadWG)

• E.g.1: Radiation test campaign in Nov 2022 on COTS transceivers for BPM devices

• E.g.2: bPOL project (DCDC converters)

✓ Co-developing new ad-hoc transceiver concepts (by EP-ESE and ATS)

✓ Mass-producing certified rad-tol transceivers → contract is running now! (by EP-ESE)

✓ Preparing the new generation optical fibres for existing accelerator complex and FCC (by EN-EL)

PILOT:

➢ Target the development of a rad-tol opto-electronics board to add to the existing DI/OT catalogue

❑ To fill up the DI/OT catalogue void in rad-tol opto-components

MORE PILOTS ARE WELCOME!
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Proposal for an open discussion
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Conclusions (?!!)
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We (ATS) need to buy a full set of certified rad-tol opto-components

• Lasers, laser drivers, optical transceivers (see J. Troska’s talk)

• To practice, during the next 2-3 years, the design and development of optical links 

o replacing progressively the existing copper links?

o as a new technological concept for CERN future projects/machines.

We need to buy them NOW from EP-ESE

• Profiting of a new contract in preparation;

• The purchase list to be compiled by the end of the summer (…2024)

Money should not be a worry/driver at this stage → we talk technical,    
… and we come out with a list of possible needs!

• To be finalized in the next EF + RadWG joint meeting (August? early September?)

• Actual cost estimate for the purchase to be updated in parallel;

• Logistics for the storage of the components at the ATS premises to be defined in parallel;

• FOTC to sponsor this at CTTB and with Dept. Head(s), as required.



home.cern

Daniel.Ricci@cern.ch
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➢DI/OT page: https://ohwr.org/project/diot/wikis/home

➢"WARM MAGNET INTERLOCK SYSTEM (WIC) FOR THE SPS" by Richard MOMPO 
Link: https://edms.cern.ch/document/SPS-CIW-ES-0001/2.0/approvalAndComments

➢Versatile Link PLUS project page: https://cern.sharepoint.com/sites/project-Versatile-Link-Plus
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Reference sites and publications

2023 EN-EL Fibre Optics publications:

1. D. Di Francesca et al., “Low radiation dose calibration and theoretical model of an optical fiber dosimeter for the International Space Station,” Appl. Opt., vol. 62, no. 
16, p. E43, Jun. 2023.

2. N. Kerboub et al., “Radiation Induced Attenuation and Luminescence study in Radioluminescent Optical Fibres,” IEEE Trans. Nucl. Sci., pp. 1–1, 2023.

3. K. Biłko et al., “CERN Super Proton Synchrotron radiation environment and related Radiation Hardness Assurance implications,” IEEE Trans. Nucl. Sci., pp. 1–1, 2023.

4. M. Roche et al. “Solar Particle Event Detection with the LUMINA Optical Fiber Dosimeter aboard the International Space Station” submitted to IEEE Trans. Nucl. Scie.

5. K.Bilko et al. “Overview of total ionizing dose levels in the large hadron collider during 2022 restart” accepted in IEEE Trans. Nucl. Scie.

6. D. Prelipcean et al. “Measured and FLUKA simulated radiation levels from proton collision losses during Run II of the CERN Large Hadron Collider at the high 
luminosity interaction points and the radiation to electronics impact on its operation” to be submitted to Phys. Rev. Acceler. and Beams.

7. S. Medaer et al., “Near-infrared Radiation Induced Attenuation in Nested Anti-resonant Hollow-core Fibres,” Opt. Lett., vol. 48, no. 23, p. 6224, Dec. 2023.

8. Kandemir K., Tagkoudi E. et al. “Investigation of Ge/P-doped Silica-Based Optical Fibers for Radiation Sensing”, submitted to IEEE Trans. Nucl. Scie. 2023.

https://ohwr.org/project/diot/wikis/home
https://edms.cern.ch/document/SPS-CIW-ES-0001/2.0/approvalAndComments
https://cern.sharepoint.com/sites/project-Versatile-Link-Plus


ENGINEERING

DEPARTMENT

▪ D. Ricci, “Preparing the evolution from Copper to Optical Fibres – a brainstorming on opto-electronics system options”, RadWG
Workshop 24 Feb 2023 - Link: https://indico.cern.ch/event/1257469/timetable/

▪ D. Ricci, “Preparing the evolution from Copper to Optical Fibres at CERN (ATS and beyond)”, CTTB 15 Mar 2024 - Link: 
https://indico.cern.ch/event/1241509/

➢To the members of the joint EF + RadWG: let me know if you want to add your relevant presentation(s)…
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Reference presentations on C2F

https://indico.cern.ch/event/1257469/timetable/
https://indico.cern.ch/event/1241509/
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BACKUP SLIDES
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➢ Available to work together to identify the right partner group in the AT sector to develop something that meets the requirements.

• To come up with an engineered solution to the problems identified in this talk.

➢ EP-ESE has expertise and pedigree to design optical link systems for deployment in future systems for the accelerators. But this will 
have to be a new development, to match whatever the requirements are.

• The model for working with the Experiments is that common developments take place that will be useful to a wide range of users. These users 
commit to paying for the parts once they are delivered. The EP department provides a line of funding to pay for components during production, but 
there is no stock kept after the production is complete. If the AT sector would like to put in place a similar model then this could be done.

➢ Concerning the ongoing development/production:

• Adding more users would require modification of the orders they have already placed. The related expenditure would be incurred at the time of 
ordering, i.e. in 2024.

• The difficulty with the standardising and adding to catalogue concept is that this does not match EP-ESE current model. It has proven quite difficult 
to restart productions that have been completed. This is maybe different from the DIOT catalogue and Open Hardware concepts, where you can 
relaunch a production batch when you run-out of stock. For us this is not the model at present.

• The ATS sector has recently reserved 20’000 - 25’000 bPOLs to serve as “standardized” rad tol converters for various projects in the future. The 
model is: ESE sells the parts in one shot, and ATS stores them centrally to redistribute them when/as needed. It is this model that I am proposing to 
follow for the CTRx and CTTx. It is thus appropriate to ask the question now: should we produce more CTRx and CTTx and sell them to ATS for their 
future needs? There is no additional development effort needed in this case. 

➢ Finally, EP-ESE would be keen to associate with ATS to develop a SiPh module. This is R&D work, and EP-ESE has flexibility. 
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Some detailed feedback from EP-ESE
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Replacement of WIC system (new-design)
Warm Magnet Interlock Controller

Courtesy Richard Mompo (TE-MPE) - wic.web.cern.ch

New-design using WorldFIP (copper) – first installation in Ti2 foreseen YETS24-25

NB: the WIC is interconnected with BIS and SCADA which could 

have shared in principle the same fibre cabling infrastructure

Connections via VE2R copper cables (1 pair)

Remote power cycle via NE48 remains

Connections via NG4 copper cables (2 pairs)

Accessory question: would WorldFIP bus bandwidth saturate if many users start using it?
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Versatile Link+ project
Example collaboration between EN-EL (passives) and EP-ESE (actives)

PP0 PP1

Naked fan-out Fan-Out patch cord Trunk cable

PPShelf

TO BACK-END 

TRANSCEIVERS

Firefly

PPVTRx+

VTRx+

TO FRONT-END 

TRANSCEIVERS

Radiation resistant fibres Conventional fibres

Standard industrial environmentHarsh environment

• Temperature down to -35C

• Magnetic field up to 4T

• Radiation dose up to 1 MGy

Example for ATLAS and CMS upgrade (HL-LHC)

Custom (dedicated contract) Standard (frame contracts)

Example of similar cabling  for ALICE new DAQ 

system. 221 cables, ~ 21000 fibres installed 

during LHC Long Shutdown 2

Versatile Link Plus Passive Optical Components Specifications EDMS 1762900



ENGINEERING

DEPARTMENT

New DCDC converter for HL-LHC High Energy Physics (HEP) applications 

Required the development of a radiation-tolerant ASIC embedding both the power switches and the control circuitry. Plus, 
its integration on a DCDC module satisfying the EMC requirements of the low-noise HEP detectors at LHC.

• 2007: first concept

• 2007-2012: development

• 2013: preparation for series production

• 2014: first delivery from series production

• 2015: introduction of an improved ASIC version

• 2018: introduction of a second improved ASIC version 
• More robust against Total Ionising Dose effects

Two production-grade modules developed:

• FEASTMP switches at a frequency of 1.8MHz and use a custom toroidal air-core inductor. The layout and SMD components were chosen to minimize the 

emitted noise (conducted and radiated). A modified version of the module,

• FEASTMP_CLP: uses different connector and a slightly modified layout to reduce the stack height below 1cm, still providing identical performances. 

More than 30,000 modules have been delivered so far to LHC experimental teams.
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bPOL : DCDC converter project
Example of integration of EP-ESE ASICs into ATS boards

https://espace.cern.ch/project-DCDC-new/_layouts/15/start.aspx#/index/Home.aspx
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