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Overview

1. Reviewing how data rates are estimated from 
simulation, ŉƖŸůШÅƨŰШΟШӛШÅƨŰШ5

2. Summary of how design changes may alter data rate

3. The global readout chain for Silicon Photonics and 
options for link organisation

4. VELOFlukaStatus + Plans

2



Data Rates in Run 3
ÅVeloPix digital logic creates 

SuperPixel Packets (SPP)  
ÅProduces flat SPP rate per station 
ӛШ[ũċƣШĬċƣċШƖċƣĲШċĦƖŸƚƚШéEx§
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Live VP SPP Rates @ Nominal Run3 Ⱨ 

ΜЮΟШ]ÉÂÂоƚШӛ

ΜЮΝΞШ]ÉÂÂоƚШӛ

Run 3 Estimated 
Peak Data RateÅEach SPP encoded into 30 bits 

ӛШcŸƣƣĲƚƣШ Éf9ƚШƣǃƓŔĦċũũǃШƖĲċĦőШ9ͯ-10 Gbps
ÅWell within design limit of 15.1 Gbps derived from 

simulation using 1.5x Safety Margin

Using 1.5x Safety Margin
Estimates from Simulation for Run 3 with  1.5x 
Safety Margin have been proven to be fit for 

purpose for actual Run 3 Pixel detector



Estimating Data Rates 
for Run 5

½ƘƛƘǳŀΩǎ ¢ŀƭƪ

ÅUII simulation + prototype digitisation already 
ĲŰċĤũĲƚШÂċƖƣŔĦũĲШcŔƣШӛШÂŔǂĲũШĦũƨƚƣĲƖƚШ
ӛШĲƚƣŔůċƣĲƚШŉŸƖШƓċƖƣŔĦũĲЯШƓŔǂĲũШҼШĬċƣċШƖċƣĲƚ
ÅSophisticated digitisation in development [üőŔőƨċќƚШÑċũť]

ÅHow do we validate these rates?
ÅFlexible run 5 geometry + initial SPP algorithm can 

reproduce љÅƨŰШΟШũŔťĲњШdetector  in Run 5 sim
ÅⱧ Ȣ sim produces SPP Max Rate Ȣ GHz 
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Live VP SPP Rates 

ΜЮΟШ]ÉÂÂоƚШӛ

ΜЮΝΞШ]ÉÂÂоƚШӛ

UII Simulation can predict rates correctly!
Ḉ1.5x Safety Margin remains appropriate

SPP Avg Rate ( ) with UII 
ÉŔůШƨƚŔŰŊШљÅƨŰШΟШĦŸŰĬŔƣŔŸŰƚњ

Note: Less fluctuation expec. from Ⱨ ΡЮΞШO ШΞΤ
but planning electronics with 1.5x safety margin 
provides robustness against ~change in fl or ►□░▪

Thanks Tim!

https://indico.cern.ch/event/1535828/timetable/?view=standard#47-digitisation-and-neural-net


ÅUII RB recommendation for Scoping Middle 
scenario Ḉ move to  ︡ Ȣ

ÅReading out all Pixel hits remains 
unfeasible (up to 450 / Mod / BX on avg.), 
particle rate more realistic
ÅBut SPP remains a possibility for VeloPix2 

(< 10% rate inflation)

ÅWith developments in clustering -on-chip 
(PicoPix, Ignite) we currently assum e 
one cluster per particle for data rate calc

Estimating Data Rates 
for Run 5

5

Data Rate Limit for Electronics Design = 

Particle 
Rate 

Safety 
Margin

Cluster 
Packet Size

=1.5

Ignite PicoPix

Antonio

(42b  conservative cluster size , see Ignite + PicoPix 
talks for specifics & Antonio for other calculations)

(30 MHz)

[More from Antonio on data reduction methods] 

https://indico.cern.ch/event/1535828/timetable/?view=standard#26-ignite-status
https://indico.cern.ch/event/1535828/timetable/?view=standard#25-picopix-status
https://indico.cern.ch/event/1535828/timetable/?view=standard#61-front-end-asic-interconnect
https://indico.cern.ch/event/1535828/timetable/?view=standard#61-front-end-asic-interconnect


ÅUII RB recommendation for Scoping Middle 
scenario Ḉ move to  ︡ Ȣ

ÅReading out all Pixel hits remains 
unfeasible (up to 90 / Hot ASIC / BX on avg.), 
particle rate more realistic
ÅBut SPP remains a possibility for VeloPix2 

(< 10% rate inflation)

ÅWith developments in clustering -on-chip 
(PicoPix, Ignite) we currently assum e 
one cluster per particle for data rate calc

Estimating Data Rates 
for Run 5
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Data Rate Limit for Electronics Design = 

Particle 
Rate 

Safety 
Margin

Cluster 
Packet Size

=1.5

Ignite PicoPix

Antonio

(42b  conservative cluster size , see Ignite + PicoPix 
talks for specifics & Antonio for other calculations)

(30 MHz)

[More from Antonio on data reduction methods] 

https://indico.cern.ch/event/1535828/timetable/?view=standard#26-ignite-status
https://indico.cern.ch/event/1535828/timetable/?view=standard#25-picopix-status
https://indico.cern.ch/event/1535828/timetable/?view=standard#61-front-end-asic-interconnect
https://indico.cern.ch/event/1535828/timetable/?view=standard#61-front-end-asic-interconnect


Estimating Data Rates 
for Run 5
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30 MHz 
42b

Data Rate Limit for Electronics Design = 

Particle 
Rate 

Safety 
Margin

Cluster 
Packet Size

= 1.5(30 MHz)
Hottest ASIC will require 1 PIC or 2 VTRx+ 

( 3 SiPh links @25.6 Gbps or  6 VTRx+ links @ 12.8 Gbps)

Hottest Station @ 
︡ Ȣ

Single Event Rate



Estimating Data Rates 
for Run 5
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30 MHz 
42b

Data Rate Limit for Electronics Design = 

Particle 
Rate 

Safety 
Margin

Cluster 
Packet Size

= 1.5(30 MHz)

Hottest Station @ 
︡ Ȣ

Average Rate over 
e.g. 10 BXIDs

Hottest ASIC will require 1 PIC or 2 VTRx+ 
( 3 SiPh links @25.6 Gbps or  6 VTRx+ links @ 12.8 Gbps)



Data Rate Factors: Luminosity
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Hottest Station @ 
︡ Ȣ

SiPh robust to increase in luminosity/packet size (up to ~100 Gbps) 
without change in electronics design

Hottest Station @ 
︡ Ȣ



Data Rate Factors: Sensor ►□░▪
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Pixel Particle Rate against 
► @ ︡ Ȣ

SiPh (100 Gbps) robust to reduction in ὶ  
without change in electronics design

ÅDesire to reduce ὶ  to improve „  
if Sensor + ASIC rad tolerance allows

ÅSimulation can quickly predict 
increase in rate

Peak Rate Estimates:
80 Gbps @ ►□░▪ Ȣ mm 
72 Gbps @ ►□░▪ Ȣ mm

ᴺ►□░▪ Ȣ mm 

ᴺ►□░▪ Ȣ mm 

ᴺ►□░▪ Ȣ mm 



Data Rate Factors:  Sensor Layout
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384x256 ASIC
@ ︡ Ȣ

SiPh (100 Gbps) robust to ASIC changes and electronics 
linearly benefits from reduction in # ASICs

PicoPix design has moved to 384x256 pixel layout

256x256 ASIC
@ ︡ Ȣ



Data Rate Factors:  Sensor Layout
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384x256 ASIC
@ ︡ Ȣ

PicoPix design has moved to 384x256 pixel layout

256x256 ASIC
@ ︡ Ȣ Asymmetric 

particle rates for 
inner ASIC halvesSiPh (100 Gbps) robust to ASIC changes and electronics 

linearly benefits from reduction in # ASICs



Data Rate Factors:  Heavy Ions

416 particle collisions

Data Rate?
ÅWorst heavy ion events in Run 5 expected to yield

 416 particle collisions  , ~ 2ÕÎ υ -ÉÄÄÌÅⱧ▬▬

ÅBut Ⱨ╗╘ Ȣ  Ḉ electronics can manage absolute 
rate  without issue, with intrinsic FE љĤƨŉŉĲƖŔŰŊњ

Occupancy?
ÅSingle events could flood individual ASICs

ÅLarger collision region O  some vertices adjacent to ASICs

ÅAnticipate ƨƚŔŰŊШƚƓĲĦŔŉŔĦШũċƖŊĲШљcfШƓċĦťĲƣƚњШincluding BXID 
information, with no time -ordering on ASIC Ḉ read out 
unordered clusters

Simulation?
ÅEarly Run5 private HI sim exists, generate only worst events
ÅToDo: Min/Zero Bias required to validate rate estimates and 

understand occupancy impacts over time
13

[B. Audurier, Heidelberg]

Heavy Ion expected to not 
drive electronics limitations

# collisions

https://indico.cern.ch/event/1491351/contributions/6400717/attachments/3039335/5368333/Audurier_HI.pdf
https://indico.cern.ch/event/1491351/contributions/6400717/attachments/3039335/5368333/Audurier_HI.pdf


Simulation for VELO 
Electronics Development

SiPh Readout Global Link Organisation

14

Can we make savings from cooler ASICs using SiPh technology?



Reminder: Silicon Photonics Chain
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External Light 
Source

Unmodulated 
Light In

Modulated 
Light Out 

@ 25 Gbps/ⱦ

PIC modulates VELO 
data onto light @ 

up to 100 Gbps/ASIC
>10 m from VELO 

QSFP Rx at 
Backend

Counting Rooms



SiPh Global 
Readout Chain

Long Fibre ~20 m
Å From ELS ӛШéEx§
Å Polarisation maintaining

MUX + Split
Å Single-‗ fibres require 

multiplexing for 100G/PIC
Å High-power laser can be 

split  (PIC ὖ ρπmW)

ELSFP Modules
Å ~ 50 light sources
Å Each produce ~8 high 

power (100mW) lasers 

Photonics IC
Å Modulate signal onto 

fibre @ 100 Gbps
Å Do all PICs need fibre 

with ⱦ?

16

Vacuum 
Feedthrough
Å Many fibres in and 

out  of VELO

ELS
Rack

Backend Transceivers
Å Up to ⱦ per QSFP28 Module
Å Can we make efficient use of 

backend cards?



VELO SiPh Readout Link Organisation

Tool developed to 
perform PIC link 
optimisation on entire 
detector (64 modules)
ÅSet specific PICs to 

run on 1,2,3 or 4 ⱦ
ÅUse output from sim. 

clustering algorithms

In current design, station 
condenses to repeating
4x VELO Module half

17

Particle Rate ~uniform in z
but varies across module



љ[ƨũũШ7ċŰĬƽŔĬƣőњШÉĦĲŰċƖŔŸ

Unmodulated
light in 
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ÅAll PICs operate with 4 ‗O  4 x 25 Gbps bandwidth
ÅSignificant headroom for all ASICs

ÅMUX required for all PICs 
(+ splitters for ELSFP O   ὖ ρπmW inputs)

ÅљÉŔůƓũĲƚƣњШƚŸũƨƣŔŸŰЯШĤƨƣШŔŰĲŉŉŔĦŔĲŰƣШƨƚĲШŸŉШ7ìе
ÅRobust to changes in bitrate/ lumi  
ÅTotal rate  150 Gbps from possible 600 Gbps
ÅOutput from PIC saturates Back -End QSFP28 Rx 

with empty packets

Per VELO Module Half (x128)
24 ⱦ ӛШΣШExÉ[Â-MUX ӛШΣШ[ŔĤƖĲƚШċƣШÂf9ШӛШΣШÄÉ[ÂШċƣШ7E

Peak Data Rate [Gbps] 
@ fl ρȢπ ρπcm-2s-1 

(30 MHz x 1.5 x 42b)

# ELSFP ELSFP 
MUX

ⱦ into  
PICs

PICs BE (DE)    
MUX

QSFPs 
at BE

Full Bandwidth 48 ~768 3072 768 0 768

with 1 ELSFP = 64 ‗



љ[ƨũũШ7ċŰĬƽŔĬƣőњШÉĦĲŰċƖŔŸ
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ÅAll PICs operate with 4 ‗O  4 x 25 Gbps bandwidth
ÅSignificant headroom for all ASICs

ÅMUX required for all PICs 
(+ splitters for ELSFP O   ὖ ρπmW inputs)

ÅљÉŔůƓũĲƚƣњШƚŸũƨƣŔŸŰЯШĤƨƣШŔŰĲŉŉŔĦŔĲŰƣШƨƚĲШŸŉШ7ìе
ÅRobust to changes in bitrate/ lumi  
ÅTotal rate = 150 Gbps from possible 600 Gbps
ÅOutput from PIC saturates Back -End QSFP28 Rx 

with empty packets

Per VELO Module Half (x128)
24 ‗ ӛШΣШExÉ[Â-~ÖñШӛШΣШ[ŔĤƖĲƚШċƣШÂf9ШӛШ6 QSFP at BE

Peak Data Rate [Gbps] 
@ fl ρȢπ ρπcm-2s-1 

(30 MHz x 1.5 x 42b)

# ELSFP ELSFP 
MUX

ⱦ into  
PICs

PICs BE (DE)    
MUX

QSFPs 
at BE

Full Bandwidth 48 768 3072 768 0 768

Modulated 
light out @ 
100 Gbps

QSFP Module

with 1 ELSFP = 64 ‗
[BE QSFP compatibility in 
ŰƣŸŰŔŸќƚШƓƖĲƚЮѐ

https://indico.cern.ch/event/1535828/timetable/?view=standard#61-front-end-asic-interconnect
https://indico.cern.ch/event/1535828/timetable/?view=standard#61-front-end-asic-interconnect


ÅAllow PICs to operate on 1-4 ‗
 O25, 50, 75 or 100 Gbps bandwidth
ÅRemove redundant light, reduces # ELSFPs

ÅMUX required only for higher rate ASICs >1ⱦ
(& fewer splitters for ELSFP)

Åљ?ĲƓĲŰĬĲŰƣњШƚŸũƨƣŔŸŰЯШĤƨƣШĲŉŉŔĦŔĲŰƣШƨƚĲШŸŉШ7ì
ÅChanges in bitrate/ lumi  alter optimisation
ÅReduced headroom  on many ASICs

љ?ĲƣċŔũĲĬњШxŔŰťШ§ƓƣŔůŔƚċƣŔŸŰШ

Unmodulated 
light in 

MUX 2ⱦ

MUX 3ⱦ

No MUX required 
for single -ⱦ PICs

20

# ELSFP ELSFP 
MUX

ⱦ into  
PICs

PICs BE (DE)    
MUX

QSFPs 
at BE

Full Bandwidth 48 768 3072 768 0 768

Detailed Optimisation 20 256 1152 768 576 320

Per VELO Module Half (x128)
9 ⱦ ӛШΞШExÉ[Â-MUX ӛШΣШ[ŔĤƖĲƚШċƣШÂf9ШӛШΞЮΡШÄÉ[ÂШċƣШ7E



ÅAllow PICs to operate on 1-4 ‗
 O25, 50, 75 or 100 Gbps bandwidth
ÅRemove redundant light, reduces # ELSFPs

ÅDEMUX + MUXing fibres before BE 
ŸŉŉĲƖƚШƚċƻŔŰŊШŸŰШмШÄÉ[ÂƚШӛШмШ7E-Cards 
but many new components required

љ?ĲƣċŔũĲĬњШxŔŰťШ§ƓƣŔůŔƚċƣŔŸŰШ
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# ELSFP ELSFP 
MUX

ⱦ into  
PICs

PICs BE (DE)    
MUX

QSFPs 
at BE

Full Bandwidth 48 768 3072 768 0 768

Detailed Optimisation 20 256 1152 768 576 320
Modulated light out 
@ 25/50/75/100 Gbps

BE-MUX

QSFP

ⱦ from other  
half of module

Per VELO Module Half (x128)
9 ‗ ӛШΞШExÉ[Â-~ÖñШӛШΣШ[ŔĤƖĲƚШċƣШÂf9ШӛШΞЮΡШÄÉ[ÂШċƣШ7E

ΞШљŉƨũũњШÄÉ[ÂШƓĲƖШ~ŸĬƨũĲШcċũŉШ
ҼШΝШљőċũŉ-ŉŔũũĲĬњШÄÉ[ÂШƓĲƖШůŸĬƨũĲ

ÉŔŊŰŔŉŔĦċŰƣШƚċƻŔŰŊƚШċƻċŔũċĤũĲвЮШĤƨƣШůċŰǃШŰĲƽШĦŸůƓŸŰĲŰƣƚв



ÂƖŸĤũĲůШƽŔƣőШљ?ĲƣċŔũĲĬњШxŔŰťШ§ƓƣŔůŔƚċƣŔŸŰа
ÅComplicated, design-dependent fibre organisation at backend

ÅHighly optimised system not as robust to design changes

ÅFinal spec/cost of BE MUX/DEMUX not determined, ~600 new components

ÅEvery termination/interface for fibre increases signal attenuation
ÅFor incoming unmodulated ELS, can offset with increased input power, 

with modulated light on signal, attenuation could lead to data loss

9ċŰШċШљÂċƖƣŔċũњШxŔŰťШ§ƓƣŔůŔƚċƣŔŸŰШċƓƓƖŸċĦőШƽŸƖťе



9ċŰШċШљÂċƖƣŔċũњШxŔŰťШ§ƓƣŔůŔƚċƣŔŸŰШċƓƓƖŸċĦőШƽŸƖťе

Rather than BE-DEMUX/MUX, can we use multi -fibre QSFP28 Rx?

~ŸƖĲШŔŰШ ŰƣŸŰŔŸќƚШÂƖĲƚĲŰƣċƣŔŸŰШŉŸƖШ[ĲċƚŔĤŔũŔƣǃШŸŉШƣőŔƚШŉŸƖШ7EШ9ċƖĬƚ

CWDM QSFP28 Transceiver with 
1x SMF w/ ‗= 1280,1290,1300,1310 nm 
with inte grated DEMUX 

QSFP28 Transceiver with 4x SMF 
‗=1310nm without DEMUX

Use Both!



љÂċƖƣŔċũњШLink Optimisation - 1ⱦ or 4ⱦ

Unmodulated 
light in 

MUX 4ⱦ

MUX 4ⱦ

No MUX required 
for single -ⱦ PICs

24

# ELSFP ELSFP 
MUX

ⱦ into  
PICs

PICs BE (DE)    
MUX

QSFPs 
at BE

Full Bandwidth 48 768 3072 768 0 768

Detailed Optimisation 20 256 1152 768 576 320

Partial Optimisation 24 256 1536 768 0 384

Per VELO Module Half (x128)
12 ⱦ ӛШΞШExÉ[Â-MUX ӛШΣШ[ŔĤƖĲƚШċƣШÂf9ШӛШΟШÄÉ[ÂƚШċƣШ7E

Spare BW for 
>25 Gbps ASICs

!ƴǘƻƴƛƻΩǎ ǇǊŜǎΦ

ÅAllow PICs to operate on 1ⱦ or 4ⱦ only
 O25 or 100 Gbps bandwidth only
ÅSavings from cool outer ASICs, 

ÅMUX required only for hotter ASICs 

ÅMore robust  to changes in lumi/design
ÅSome bandwidth unused
ÅBut no BE-MUX/DEMUX required
ÅSee ŰƣŸŰŔŸќƚШƓƖĲƚЮШfor Backend Card 
ŔŰƣĲƖĦŸŰŰĲĦƣŔŸŰШƓƖċĦƣŔĦċũŔƣŔĲƚв

https://indico.cern.ch/event/1535828/timetable/?view=standard#61-front-end-asic-interconnect


!ƴǘƻƴƛƻΩǎ ǇǊŜǎΦ

ÅAllow PICs to operate on 1ⱦ or 4ⱦ only
 O25 or 100 Gbps bandwidth only
ÅSavings from cool outer ASICs, 

ÅMUX required only for hotter ASICs 

ÅMore robust  to changes in lumi/design
ÅSome bandwidth unused
ÅBut no BE-MUX/DEMUX required
ÅSee ŰƣŸŰŔŸќƚШƓƖĲƚЮШfor Backend Card 

interconnection  ƓƖċĦƣŔĦċũŔƣŔĲƚв
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# ELSFP ELSFP 
MUX

ⱦ into  
PICs

PICs BE (DE)    
MUX

QSFPs 
at BE

Full Bandwidth 48 768 3072 768 0 768

Detailed Optimisation 20 256 1152 768 576 320

Partial Optimisation 24 256 1536 768 0 384

Modulated light out 
@ 25 or 100 Gbps Only

Per VELO Module Half (x128)
12 ‗ ӛШΞШExÉ[Â-~ÖñШӛШΣШ[ŔĤƖĲƚШċƣШÂf9ШӛШ3 QSFPs at BE

CWDM 

CWDM 

1310 only

љÂċƖƣŔċũњШLink Optimisation - 1ⱦ or 4ⱦ

https://indico.cern.ch/event/1535828/timetable/?view=standard#61-front-end-asic-interconnect


Link Optimisation Scan 
Does benefit of link optimisation change 
with particle rate / lumi / packet size

ÅÉĦċŰШΞΠĤШӛШΣΠĤШƓċĦťĲƣШƚŔǍĲШċƚШƓƖŸǂǃ

Saving of factor~2 on 
ELS + BE across 

stable 32b-58b range

Optimisation robust 
to ±40% rate change

Also up to factor 
3 saving on 
ELSFP-MUX

Total # Active ⱦ on PICs

# ELSFPs required
(if 1 ELSFP = 64 ‗)

# QSFPs at Backend

26



Remaining Questions + Reality

ÅFor a link optimised design to be 
implemented would require a strict limit on 
data rate per ASIC
ÅPotential for limited headroom on some ASICs 

above the included safety factors
ÅLarge change in bit-rate would require new light 

sources + change in BE organisation

9ũĲċƖШŉũĲǂŔĤŔũŔƣǃШċĬƻċŰƣċŊĲШƣŸШљŉƨũũШƖĲċĬŸƨƣњШ
approach, but major saving possible via 
ŸƓƣŔůŔƚċƣŔŸŰв

Partial optimisation preferred for 
backend simplicity

27

Total # Active 
ⱦ on PICs



Simulation for VELO 
Electronics Development

Fluka for VELO Upgrade II

28

[Sacha Medear 05/06/25 UII Elec. WS]

Accurate radiation estimates key for electronics design constraints

https://indico.cern.ch/event/1535317/contributions/6548851/attachments/3080862/5453310/LHCb_upgrade_electronics_rad_sim_d0.pdf


Cavern Radiation Map
ÅNew tool being developed by Sacha Medear 

to organise and display FLUKA simulations 
(currently in prototype)

ÅFirst runs for Upgrade II being added:
ÅCoarse Scan of Point 8 Cavern (1 m voxel size)
ÅFine Scan of Detector Region (0.2 m voxel size)
ÅPlanned: Ultra -fine scan of VELO region 

ÅOffline Tool developed to:
ÅCombine different scans
ÅEstimate dose in 3D regions (e.g. the ELS rack)
ÅDetermine dose along fibre path + estimate 

accumulated attenuation rad. damage

ÅGeometry updates beginning :
ÅWork restarting @ Krakow (Tomasz S., Agnieszka O. )

ÅNew pyg4ometry tools (ŊĬůũӛ[ũƨťċ) can aid 
with this (Thanks Tom. L!)

Calibrated to 375 fb -1 (Run 5) 
(Scans to be updated as FLUKA 
geom. improves)29

Also have NIEL Runs

https://indico.cern.ch/event/1535317/contributions/6548851/attachments/3080862/5453310/LHCb_upgrade_electronics_rad_sim_d0.pdf
https://pyg4ometry.readthedocs.io/en/stable/manual/converting.html


Example: Attenuation on Fibre

Using measurements of Radiation Induced 
Attenuation as function of TID, attenuation along fibre 
path can be estimated
Examples:
ÅConventional SMF = πȢςχ dB (6% loss)
ÅCERN RR-MMF = πȢπτ dB (1% loss)
Adaptable to more appropriate calibration for PMFs  
when cost and bundling constraints known

30

[JINST8 C12010]
[10.1109/TNS.2

021.3074633]

https://iopscience.iop.org/article/10.1088/1748-0221/8/12/C12010
https://doi.org/10.1109/TNS.2021.3074633
https://doi.org/10.1109/TNS.2021.3074633


Summary
ÅSimulation for VELO Upgrade I electronics design was fit for 

purpose and can be reproduced with Run 5 software

ÅParticle rate with x1.5 safety factor is standard for data rate 
estimates, but SPP not ruled out

ÅReadout technology robust to changes in design

ÅSimulation is actively used to aid in electronics design
ÅExamples: SiPh Global Readout Chain Organisation + FLUKA

ÅSiPh link optimisation can save up to factor 2 on External Light 
Sources and backend QSFP modules
Å7ƨƣШŔƚШŉũĲǂŔĤŔũŔƣǃШŸŉШљŉƨũũШƖĲċĬŸƨƣњШċƓƓƖŸċĦőШƓƖĲŉĲƖƖĲĬ?

ÅNew Fluka ƚŔůШŰĲĲĬĲĬЯШƽŔƣőШƨƓĬċƣĲĬШŊĲŸůĲƣƖǃв
ÅWork beginning and tools in development

Suite of flexible tools prepared for electronics design 
with input directly from latest simulation 

Ḉ ready to adapt as global design approaches TDR stage31

Hits / Event
@ ︡ Ȣ



Backup

32



Estimating Data Rates 
for Run 5

33

30 MHz 
42b

Data Rate Limit for Electronics Design = 

Particle 
Rate 

Safety 
Margin

Cluster 
Packet Size

= 1.5(30 MHz)
Hottest ASIC will require 1 PIC or 2 VTRx+ 

( 3 SiPh links @25.6 Gbps or  6 VTRx+ links @ 12.8 Gbps)

Hottest Station @ 
︡ Ȣ

Single 
Event Rate
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Estimating Data Rates for Run 5



Individual Module Optimisation 

ÅTool allows individual optimisation of modules + 
plugging of fibres from different modules into one 
QSFP at BE
ÅSome cooler modules require more single-‗ PICs
ÅNeighbouring modules with floating single -ⱦ 

fibres can share QSFP, ensures most efficient use 
of backend, this can be turned off

ÅMinimal savings possible for significant organisation 
complexity?
ÅModule uniformity desirable
ÅBut could be desirable to send fibres from 

neighbouring ASICs to different BE card? 
(redundancy)

# ELSFPs required
(if 1 ELSFP = 64 ‗)

35

# QSFPs at Backend



More Plots 384x256 ASIC
# ELSFPs required (if 1 ELSFP = 64 ‗)

36

# Fibres at Backend

# MUX for ELSFP lasers

Total # Active ⱦ on PICs

DEMUX before Backend (RE)MUX before Backend

x1.6 Safety, 36b 
per cluster



External Light Source 
for SiPh

New (2022) industry standard

see Carmelo TAG-5

ÅOptical power supply required for Ring 
Modulators on PIC
ÅTargeting CWDM4 ELSFP (ELS Form-Factor 

Pluggable)
ÅNew (2022) industry standard
ÅProduce 4/8/16 single-ⱦ fibres up to 400mW
ÅSupply ~16 PICs / ELSFP
ÅPrototypes beginning to become available 

(see Carmelo TAG-5)

ÅRack hosting ~50-100 ELSFPs required, 
envisage ὕρπ m from VELO

ÅLarge-scale implementation of ELSFPs is 
expected for industry in data-centres 

> VELO benefits from mass production of 
technology37

[SENKO Mock-Ups]

https://www.oiforum.com/wp-content/uploads/OIF-ELSFP-01.0.pdf
https://indico.cern.ch/event/1515943/contributions/6379172/attachments/3016959/5323629/LHCb_VELO_upgrade_2_Links_18-02-2025.pdf
https://www.senko.com/wp-content/uploads/2024/10/ELSFP-Handout.pdf


CWDM-8PMF =

ELSFP Multiplexing + Splitting
Light from ELSFPs on 4, 8, or 16 high-power cores 
of different CWDM ⱦ ӛШÂ~[ШŉŔĤƖĲƚШыӈΝΜΜШmW each) 

PIC needs fibre with up to 4 ⱦ @ ὖ ὕ(mW) ,
Three ways to prepare this:

ÉÂxfÑШӛШ~ÖñШSplit then mux low-power light of diff ⱦ 

~ÖñШӛШÉÂxfÑШMUX high-power light first then split 

Splitter

MUX To VELO

E
LS

F
P

SplitterMUX

To VELO

E
LS

FP

MUX-Only More ELSFPs required 
but no splitting

MUX

E
LS

F
P

To VELO

CWDM-4PMF =.... ........

ÅÉÂxfÑШӛШ~Öñ has most components, but cheaper 
technology could meet requirements

Å~ÖñШӛШÉÂxfÑШhas fewer comp. but need high-power 
MUX and CWDM-compatible splitter

ÅMUX-Only results in up to 16x more ELSFPs but no 
splitter + power surplus could allow cheaper 
components MUX feasible if £ ELSFP ~ £ Split/Mux38

https://www.oiforum.com/wp-content/uploads/OIF-ELSFP-01.0.pdf


External Light Source Integration
Some questions to be answered for ELS rack:
ÅPlacement in Cavern (physical location + radiation )
ÅTargeting VELO/RICH balcony (or potential new balcony to 

be installed in LS3) beginning discussion with TC

ÅCooling requirements
ÅUp to ~5kW needs to be displaced, beginning discussion 

with TC about solutions

ÅPower and Control
ÅProcurement of prototype ELSFPs in progress

ÅRequirements of Fibre (radiation  + polarisation-
maintaining + feedthrough)
ÅEǂƓĲĦƣШƣŸШŰĲĲĬШÂ~[ƚШŉƖŸůШExÉШӛШéEx§Ш[ĲĲĬƣőƖŸƨŊőШӛШÂf9Ш

what is radiation  requirements on these?
ÅIn discussion with Antonio + Abraham on requirements for 

feedthrough generally

Today: Cavern Radiation Maps and Fibre Paths
39



ELSFP Multiplexing + Splitting Location

40

Integration Ideas:
ÅCould separate Split/MUX from ELS 

rack to patch panel/second rack
ÅFewer, high-powered 1ⱦ lasers
ŉƖŸůШExÉШӛШŰĲċƖШéEx§
ÅSave on number of long PMFs
ÅOpens questions on rad-hardness of 

splitters/MUX modules

ÉÂxfÑШӛШ~ÖñШSplit then mux low-power light of diff ⱦ 

Splitter

MUX To VELO

E
LS

FP

ELS
Split/MUX at 
rack or closer 
to VELO?

ÅUltimate-cost saving solution 
would be to Split/MUX after 
vac. feedthrough
Å Save on feedthrough costs
Å Material, radiation, out -
ŊċƚƚŔŰŊШĦŸŰĦĲƖŰƚШӛШƓƖŸĤċĤũǃШ
unfeasible



Considerations
ÅCurrently using TID-Attenuation 

relationships from non-PMF only
ÅPotential need for dedicated rad. 

studies on candidate PMFs
ÅShould also consider NIEL effects / 

other not-attenuation related damage

ÅSafety Margins
ÅFactor of ~2.5 could change attenuation 

considerably

ÅTotal attenuation from 
ELS O  VELO O  BE card important
ÅAssuming BE cards in counting rooms, 

attenuation triples

ÅRequire finer VELO alcove FLUKA sim. 
for at reliable dose estimates and 
within VELO tank

41

Add safety factor

Not including attenuation 
within VELO tank and PIC 
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