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Overview

1. Reviewing how data rates are estimated from
simulation,’n | YO WA 2 UBIO W3S WA 2 U L

2. Summary of how design changes may alter datate

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

4. VELOFluka Status + Plans
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Data Rates in Run3
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Estimating Data Rates
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https://indico.cern.ch/event/1535828/timetable/?view=standard#47-digitisation-and-neural-net
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[More from Antonio on data reduction methods]
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Data Rate Limit for Electronics Design 5

Cluster
Packet Size

(42b conservative cluster size , seelgnite + PicoPix
talks for specifics & Antonio for other calculations)
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[More from Antonio on data reduction methods]

(42b conservative cluster size , seelgnite + PicoPix
talks for specifics & Antonio for other calculations)
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Estimating Data Rates
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Data Rate Factors:uminosity
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Data Rate Factorsensorm, ::.
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ADesire to reducei  to improve,
If Sensor + ASIC rad tolerance allows—

A Simulation can quickly predict
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Data Rate Factorssensor Layout

384x256 ASIC

PicoPixdesign has moved to 384x256 pixel layout @ 8
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Data Rate Factorssensor Layout
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SiPh(100 Gbps)robust to ASIC changesnd electronics

linearly benefits from reduction in # ASICs
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Data Rate Factord-deavy lons

Data Rate?

A Worst heavy ionevents in Run Zexpected to yield
416 particle collisions , ~ 2 00- EAATHAL

A But L 8 C;electronlcs can manage absolute
rate without issue, with intrinsic FEbH2 n'n'1J1 RUN

Occupancy?

A Single events could flood individual ASICs
A Larger collision regior® some vertices adjacentto ASICs

A Anticipatee t RUND W GIJHR N R # Winhadubifg BXIB-c f WG
information, with no time -ordering on ASIC Cread out
unordered clusters

Simulation?

Table of centrality class
iRun 2 (\/syy =5.02TeV)

Centrality % E [GeV | Npart

100 — 90 0—310 2.9
90 — 80 310 — 800 7.0
80 — 70 800 — 1750 15.9
70 — 60 1750 — 3360 31.3
60 — 50 3360 — 5900 54.7
o0 — 40 0900 — 9630 87.5
40 — 30 9630 — 14860( 131.2
30 — 20 14860 — 22150 188.0
20 — 10 22150 — 32280| 261.8
10—-0 32280 — oo 357.2

[B. Audurier, Heidelberg] # collisions

A Early Run5 private HI sim existgjenerate only worst events

A ToDa Min/Zero Bias requiredo validate rate estimates and
understand occupancy impacts over time

Heavy lon expected to not
drive electronics limitations



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
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Simulation for VELO
Electronics Development

SiIPhReadout Global Link Organisation

Can we make savings from cooler ASICs usiri§Phtechnology?



Reminder: Silicon Photonics Chain

e T~ —
Unmodulated N Modulated
External Light Light In l" B- =5 @L|295htG C;ut
psy
Source LACb UEL QSFP Rxat
PIC modulates VELO Backend

>10 m from VELO data onto light @

Counting Rooms
up to 100 Gbps/ASIC




ELSFP Modules

A~ 50 light sources
A Each produce ~8 high
power (100mW) lasers

MUX + Split
A Single_fibres require
multiplexing for 100G/PIC
A High-power laser can be
split (PICO  p mW)

Long Fibre ~20 m
A FromELS Wé E x §
A Polarisation maintaining

SiPhGlobal

Readout Chain

o

Vacuum

r 4

, Photonics IC
. ‘e A Modulate signal onto
fibre @ 100 Gbps
A Do all PICs need fibre

Feedthrough
A Manyfibresin and

out of VELO

% Backend Transceivers

A Upto f per QSFP28 Module
A Can we make efficient use of
backend cards?




VELGOSIPhReadout Link Organisation

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

A Set specific PICs to
runonl,2,3 or 4f

AUse output from sim.
clustering algorithms
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In current design, station
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4x VELO Module half

]

Peak Data Rate / ASIC on Station [Gbps

Particle Rate ~uniform in z
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ZL=10x10* cm—2s"!

@fl

Peak Data Rate [Gbps]
p8t p 1M cm=3st
(30 MHz x 1.5 x 42b)

v [mm]
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30[@
20

a
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[ eddW7c¢cUl s

Vd

R

A All PICs operate with 4_© 4 x 25 Gbps bandwidth

A MUX required for all PICs

(+ splitters for ELSFP 0 p mW inputs)

A Significant headroom for all ASICs

ABERUO GOt quwlt YiegqRYUAWHeS ql
A Robust to changes in bitrate/ lumi
A Total rate 150 Gbpsfrom possible 600 Gbps

A Output from PICsaturates Back -End QSFP28 Rx
with empty packets

Per VELO Module Halk128)
247 3 WY WEMUXP BIZ W[ RHI 131 W¢ a WA f

Unmodulated

light in

~10 Lt
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#| ELSFP| ELSFP| f into | PICs| BE (DE) QSFPs
MUX]| PICs MUX| atBE
Full Bandwidth 48 ~768| 3072 768 0 768

with 1 ELSFP = 64



ZL=10x10* cm—2s"!

Peak Data Rate [Gbps]
@fl p8t p mcem2st

(30 MHz x 1.5 x 42b)

v [mm]
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A All PICs operate with 4_© 4 x 25 Gbps bandwidth
A Significant headroom for all ASICs

(==

=
&

(+ splitters for ELSFP 0

[[e{=0)

A MUX required for all PICs

p MW inputs)

A Total rate = 150 Gbpg$rom possible 600 Gbps

[e[=)

[[ef=0)
SFP Module

[[e{=0)

ABEROIGOIUY quwllt YieqRYUALWHE2 a
A Robust to changes in bitrate/ lumi

A Output from PICsaturates Back -End QSFP28 Rx
with empty packets

light out @
100 Gbps

10 20
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Per VELO Module Halk128)
24_ 3 WY WEXCGA UAS W W[ RIBOSAP HIBH L

with 1 ELSFP = 64

#| ELSFP| ELSFP| f into | PICs| BE (DE) QSFPs

MUX| PICs MUX| atBE

Full Bandwidth 48 768| 3072| 768 0| 768
/! [BE QSFP compatibility in

UgYURYKkt WGI 13t KC



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

ZL=1.0x10% cm—2s-!

m?21IJagc RONVI wllx R

g :IHHI""I"" ”: A Allow PICs to operate on 4 _
— 40| No MUX required - O 25, 50, 75 or 100 Gbps bandwidth
| for single-f PICs IMUX % A Remove redundant lightreduces # ELSFPs
| e
30 / A MUX requiredonly for higher rate ASICs >1f
[:J ) (& fewer splitters for ELSFP)
{ MUX ¥
- — . . . L e
20 - /—_ Am? JGUUT WO0gwlt YieqRYU4AL
[@ . A Changes in bitrate/ lumi alter optimisation
: || Unmodulated A Reduced headroom on many ASICs
10 /, light in
: / Per VELO Module Half128)
o 1 Of 3 W= WEMUXP AIZ W[ RHI 13t LWe q WA f|¢S
' I #| ELSFP| ELSFP| ¢ into | PICs| BE (DE) QSFPs
_ : MUX| PICs MUX| atBE
_ P B B BRI B :
10 5 0 50 30 20 Full Bandwidth 48 /68| 3072| 768 0 768
u [mm] | Detailed Optimisation 20 256 1152| 768 576 320

20




Z=1.0x10°* cm2s~! j'b’) |J (]'I C R G IJT HDLLIX R

A Allow PICs to operate on 34 _

EDU —
=
N O 25, 50, 75 or 100 Gbps bandwidth
40 | A Remove redundant lightreduces # ELSFPs
A DEMUX MUXingfibres before BE )
30;/ YnhniJl t Wt ¢ 2 RUDNLWXCHrdsm LA
i but many new components required
20} / —lWmene G0 wWWAE] AWUGII W~YT 24w
' CSWN W& G AT WAE] AWLWGIIIl WG YT e
IDIE®

Per VELO Module Halk128)
0_35 W= WEXCA W WS W[ RBAUZIJOPLIEACELD Y

@ 25/50/75/100 Gbps

f from other

21

half of module

10 /'
oF (&) #| ELSFA ELSFH 1 into | PICs| BE (DE] QSFPs
s MUX| PICs MUX| atBE
Modulated light out ——yy'” [ Full Bandwidih 48| 768| 3072| 768 0| 768
: Detailed Optimisation 20 256| 1152| 768 576 320

ERNURNR#AC Uq W cH2RyUUdic Wic 2180RIs ALARGY|



o « 1034 em—25-! < . » o Tas] [
Z=1.0x10°* cm Detailed” Link Optimisation

— V7 1 T T 1
s | * Allow PICs to operate on 1-4 A
S - - =yidth
40 L LLI;S # ELSFPs
F Al YHIGRDUWs Rag6 Wb?lq¢ RGNVI wlx RUT WEGaqRU
ol A Complicated, design-dependent fibre organisation at backend E_Cards
(13) A Highly optimised system not as robust to design changes
[ A Final spec/cost of BE MUX/DEMUX not determinedf60 new components
20T A Every termination/interface for fibre increases signal attenuation
A For incoming unmodulated ELS, can offset with increased input power,
s with modulated light on signal, attenuation could lead to data loss
10
:]/ 9c Ullc WmbAc!l qRc¢c 0 wlix RUT LIJ§GG]D—H—D.\Z.QSFP¢
s | -
or & at BE
Modulated lightout [ 20" ulTBandwidth 48] 788 3072] 7e8 0| 768
@ 25/50/75/100 Gbps P
20 half of module

Significant savings available....



Z=1.0x10°* cm~s~

“Detailed” Link Optimisation

— 50 - : - '
E " PO Y I PRTTE 5 1 FaF N YNV -t WY . . |
40 9c¢cULll¢c WmpAcl qRc¢c 0 wlx RUt W G qfRGRT=¢
C\//DM QSFP28Transceiver with QSFP28 Transceiverwith 4x SMF
30 F Ix SMFw/ _=1280,1-90,1300,1310nm _=1310nmwithout DEMUX
with inte grated DEMUX
20
10
Rather than BEDEMUX/MUXcan we use multi -fiore QSFP28 Rx?
oL (e ~YlI JWRUW UgqYURYkt WAI 13t JUqg¢ qRY U W PH |QFFAY
_ MUX | atBE
; C ¥ . II . . 1 » B
Modulated light out 4!0 *,/ Full Bandwidth 48 /68| 3072 /768 0 768
@ 25/50/75/100 Gbps | . .

20

half of modul : snifi i i
At ebmodue Significant savings available.... but many new components...



ZL=1.0x10% cm—2s-!

BA ¢ | ojriROpiinsidation 17 or 4f

v [mm]

40 L No MUX required
- for single\-}[ PICs

\

)

of
® | &

1() - Spare BW for
- >25 Gbps ASICs

A Allow PICs to operate on 1f or 4f only

O 25 or 100 Gbps bandwidth only

A Savings from cool outer ASICs,

MUX 4

_

A MUX requiredonly for hotter ASICs

A More robust to changes inlumi/design

MUX 4/

_

A See

light i

Unmodulated

A Some bandwidth unused
A But no BEMUX/DEMUX required

UqY URY fot BacBdndIGardLL

RUqUI #YUUUDRqRYUWGI ¢ H

In

Per VELO Module Halk128)

_ / 127 3 W= WWEMUXp AIZ W[ RHI 1t We q WA
of 4 - #| ELSFP| ELSFP| f into | PICs| BE (DE)| QSFPs

' _ MUX| PICs MUX| atBE

: 1 Full Bandwidth 48| 768| 3072| 768 0| 768
—10 e S S 0 Detailed Optimisation 20| 256| 1152 768| 576 320
u [mm} 5o il Optimisation 24 256| 1536 768 0| 384

24



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

ZL=1.0x10% cm—2s-!

BA ¢ | ojriROpiinsidation 17 or 4f

:DU !

30:—
20:—

Modulated light out
@ 25 or 100 GbpOnly

A Allow PICs to operate on 1f or 4f only
O 25 or 100 Gbps bandwidth only

| A Savings from cool outer ASICs,
40 |
Z CWDM A MUX requiredonly for hotter ASICs
- (@)=

T

A More robust to changes inlumi/design
A Some bandwidth unused

\\\

25

C\WDM A But no BEMUX/DEMUX required
W == ASee UqYURY fot BaRdndICatOLl
\ interconnection G| ¢ H#aqRHAC O RqRL
Per VELO Module Halk128)

1w 12_5 W= WEXCER W3 WS W[ R BQSAPLl4¢ RE]
#| ELSFP| ELSFP| ¢ into | PICs| BE (DE)| QSFPs
MUX| PICs MUX| atBE
Full Bandwidth 48| 768| 3072| 768 0| 768
Detailed Optimisation 20 256| 1152| 768 576 320
ulmn 5o rtial Optimisation 24| 256| 1536 768 o| 384
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Link Optimisation Scan

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

AERCUW=ZNHWS WENHWGe #t Jallt RAIJLW

N UsedLanes PIC
(W] o
S O
S S
S S

26

e

Total # Active ¥ on PICs

—-— No Link Optimisation (Z=1.0 x 10?** cm~2s!) i
Full Link Optimisation (£=1.0x 103 cm=2s71) ]
—— Partial Link Optimisation (¥ =1.0x 10%* ¢cm=2s71)

|

1 1 1 1 1 I 1 1 1 1 I 1
30 40 50 60
Packet Size / Particle [bits]

Saving of factor~2 on
ELS + BE across
stable 32b-58b range

1

Optimisation robust
to £40% rate change

N_ELSFP

I
o

30

20

) 800
r:QI

2700
1600
500
400
300
200

100

W
e}
T

.

———— L ———

# ELSFPs required
(if 1L ELSFP =64 |

Also up to factor
3 saving on

| i
| ]

ELSFPMUX | /_/_ ]
|

—-— No Link Optimisation (¥ =1.0 x 103 cm~2s1)

Full Link Optimisation (£ =1.0 x 10** cm=2s71) i
—— Partial Link Optimisation (£ =1.0x 10** cm™2s71) ]
: ]

1 I 1 1 1 1 I 1 1
30 40 50 60
Packet Size / Particle [bits]

# Q-SFPS at Backend-;

i -
—/— "

|
—+— No Link Optimisation (& =1.0x 103 cm=2s71)
Full Link Optimisation (&= 1.0 x 103 cm=2s1)

—— Partial Link Optimisation (#=1.0x 10** cm™2s71)
I
1 | I I 1 1 ] 1 1 I

1 I 1 1 1 1 I 1 1
30 40 50 60
Packet Size / Particle [bits]



Remaining Questions + Reality

AFor a link optimised design to be

- : : . 9 L . e e L
Implemented would require a strict limit on &, 3000 ]
% Total # Active :
data rate per ASIC 2 -
: " .42500__ )Z' on PICs -
A Potential for limited headroomon some ASICs SR :
above the included safety factors ;l 2000 F .
A Large change in bitrate would requirenew light ] v /‘/_ :
sources + change in BE organisation 100 / JE
1000'— e .

~ . . o~ e - - Iy - . ipn (£=1.0x10% cm 25~

QGNE! WniW+FRARGRq! Well 2 ¢ Qg Enuligy. (@Jm,éoumu)ml_
approach but major SaV|ng pOSS|bIe V|a — PartlalLlnkOptlnnsatlon (£=1.0x10%* cm2s71)
YGG]RUR*CG]RYUB T S ST

Packet Size / Particle [bits]

Partial optimisation preferred for
backend simplicity
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Simulation for VELO
Electronics Development

Flukafor VELO Upgrade II

Current Status of Geometry Modelling %

e | VELO,|TT, OT&IT, RICH1&2, HCAL,
MUON as off RUN2

[SachaMedear05/06/25 Ull 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 I\/Iag

A New tool being developed by SachMedear x
to organise and displayFLUKA simulations 25
(currently in prototype)

20
A First runs for Upgrade Il being added:
A Coarse Scan of Point 8 Cavern (1 m voxel size)
A Fine Scan of Detector Region (0.2 m voxel size) 10
A Planned: Ultra -fine scan of VELOregion

A Offline Tool developed to: >

A Combine different scans

A Estimate dose in 3D regions (e.g. the ELS rack) =

A Determine dose along fibre path + estimate ~10
accumulated attenuation rad. damage

A Geometry updates beginning :

A Work restarting @Krakow (Tomasz S.Agnieszka O. )

A New pyg4ometrytools (DT G T 8 | dareaidc
29 with this (Thanks Tom. L!)

15

0 10 20
z (m)

Also have NIEL Runs

100

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



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

ExampleAttenuationon Fibre

100
10° | I I £
o)
3,
2 i : _\G\
10 /_/ "
—_— >
E 4 3
& L — =
5 0 -
k=} . 8
g 10 S S SR -é 14
o g Dose rate = 0.02 Gy/s
el ——830nm - --1310nm
107 |t — SMF 3 Posersie=020Gys
— HC-PBGF & Dose rate = 0.50Gy/
10—2 | ] 0.1 D ?:tzmq,OOGy/ R
——830nm - 1310 nm
10" 10" 10' 10 10° =
Total Dose [Gy]
[JINST8 C12019 Dose (Gy) [10.1109/TNS.2

021.3074633]

Using measurements ofRadiation Induced _
Attenuation as function of TID, attenuation along fibr
path can be estimated

Examples:
A Conventional SMF =& B (6% loss)
A CERN RRVIMF =18t @B (1% loss)

Adaptable to more appropriate calibration for PMFs
when cost and bundling constraints known

30

d Attenuation [dB/m]

)
=
S|
o
o
=
<
=
=]
<
a2

0.1

Total RIAﬂidB]

0.01

RIA on Fibre from (10, -1, 1.5) to (0.5, 0, 0)
T T I T T T I T T T I T T T ] T

N

L » Conventional SMF
- ===- CERN RR-MMF

LI B
eeFeeeetEtteang, |

o
e

]
6 8 10
Fibre Path Length [m]

1073 ¢

[ -4-- Conventional SMF

....

s

= -+4-- CERN RR-MMF .
/ 4

7 ;F@ |
é@
I
d
| 1 | PR SN T TR SR NN S T T
0 2 4 6 8 10

Fibre Path Length [m]



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

Hits / Event Station 10 @ ¥=1.0x 103* cm=2s~!
T T I T

@ 8 E
Summary =
20 - 1.50§
4}
A Simulation for VELO Upgrade | electronics design was fit for 10 172
purpose and can be reproduced with Run Software 0 J100E
A Particle rate with x1.5 safety factor is standard for data rate ~10 075
estimates, but SPP not ruled out ~20 0.50
A Readout technologyrobust to changes in design 0 02
4(140 =N o 0 'A:0 000
A Simulation is actively used to aid in electronics design ]
A Examples: SiPhGlobal Readout Chain Organisation FLUKA g
A SiPhlink optimisation can save up to factor 2 orExternal Light Y

Sources and backend QSFP modules
A7z qUWRt WniW+RHARGRq! WYnUWwh?e G0 W el |
ANewFlukat RG WUOIWKT T Alls Raé We GT ¢ q 3T W »f
A Work beginning and tools in development

30F

10

T

Suite of flexible tools prepared for electronics design
with input directly from latest simulation
31 Cready to adapt asglobal design approaches TDR stag:

\V
S
(3]
S
(5]
S
FeS
S
n
S
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Backup
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Estimating Data Rates

for Run 5

100 3

0 20

40 60

256x256 Inner ASICs for Stations (4-5 & 16-21) @ ¥ =1.0x 1034
: 1 1 1 I 1 1 1 I 1 1 I 1 1 1 1 . 1 1 :

I Hottest ASIC
2nd Hottest ASIC
Coolest ASIC

---- Avg. Rate x 1.5

Single :
Event Rate :

80
# Particles / ASIC / BX (Single Event Rate)

v [mm]

Hottest Station @
B 8

Station 19 @ L =1.0x10* ¢
1 T T 1 1 I T T T

40 — |

1
[Sm—
(o)

100

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

Peak Data Rate per ASIC [Gbps] (42 bits x 1.5

[a—

Data Rate Limit for Electronics Design =

Particle Safety Cluster
Rate Margin Packet Size
(30 MH2z) =1.5




Estimating Data Rates for Run 5

256X256 Inner ASICS for Statlons (4 5 & 16 21) @ Sf 1 0 x 1034 256X256 Inner ASICS for Statlons (4 5 & 16 21) @ Sf 1 O X 1034
; T . - A -
5000 |- : BN Hottest ASIC . 5000 - I B Hottest ASIC ]
[ | ---- 3.47% events outside limit ] i | -=-- 2.41% events outside limit ]
- ! I 2nd Hottest ASIC ) - ! I 2nd Hottest ASIC ’
4000 F | ) 3.84% events outside limit 4000 F | --+4- 2.61% events outside limit -
[ : i Coolest ASIC ] [ : | Coolest ASIC ]
i : --4- 7.22% events outside limit 1 - | ==+ 5.22% events outside limit 1
3000 : --7 Avg Rate x 1.5 5 3000 : --d. Avg. Rate x 1.5 -
: I I ; ; i | :
3 l l - : ! ! ;
2000 - ! ! . 2000 | . . .
- I I . i : : -
[ ' I ] i ! ]
1000 - : ] 1000 : ]
i I ] i | ]
O i I ] 1 1 1 ] 1 1 1 i O B m I . . . I . . . T
0 20 40 60 80 100 0 20 40 60 80 100
# Particles / ASIC / BX (Rolling 10 Event Avg.) # Particles / ASIC / BX (Rolling 20 Event Avg.)

34



LSFP
U
S

_E

Individual Module Optimisation:.

30

A Tool allows individual optimisation of modules + %
plugging of fibresfrom different modules into one

QSFPat BE of

A Some cooler modules require more single_PICs

A Neighbouring moduleswith floating single -f
flores can share QSFP, ensures most efficient use
of backend, this can be turned off 2 500
2700
C>JHSOO
A Minimal savings possible for significant organisation ZSOO:
complexity? ol
A Module uniformity desirable ol
A But could be desirable to send fibres from
neighbouring ASICs to different BE card? 200
(redundancy) 100 |

35

# ELSFPs requwed

(if 1 ELSFP = 64)

=

[ —-— NoLink Optimisation

—-==- No Inter-module QSFPs, Uniform Module links

Inter-module QSFPs, Uniform Module links (Default)
[ Inter-module QSFPs, Non-Uniform Module links

30 40 50 60

Packet Size / Particle [bits]

- —-— No Link Optimisation

===+ No Inter-module QSFPs, Uniform Module links
Inter-module QSFPs, Uniform Module links (Default)

o Inter-module QSFPs, Non-Uniform Module links

30 40 50 60

Packet Size / Particle [bits]



More Plots 384x256 ASI| (X6 safety, 36b[ - 1.0x10% cm s

per cluster
# ELSFPs required(if 1 ELSFP = 64) Total # Actlve y on PICS
fﬁO:"'""""""”'IHHI_’_{B%OO; N
§ E ._/ ....... E QU:I‘ ‘,_./ E
A0 / 183000F — T T T T T T T T T ! .
i ] _»—Dl
L J 22500 j T T T T T
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- 1 1500F .
20 F / [/ J - ]
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[ —:— No Link Opt. : - == No Link Opt.
:1 IR I T SR S TN N TR T SR 1 I TR R B I I R SR R N 1: 0 3 T - —
0 30 20 = 30 40 50 60 70
Packet S1ze / Particle [bits] Particle Bit Rate
# MUX for ELSFP lasers DEMUX before Backend
> ot e e L ey :
E - . 2600} ——— (256x256) Middle ]
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7 { o/ 500 - ]
:.E]] 600 e ¢ ¢ — —n —n — i — -1 m [ ]
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Z e 1 Z 00 i ]
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400 |- . ; ;
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Back-End

External Light Source _
for SIPh NN

A Optical power supply required for Ring S\ R
Modulators on PIC RO )

A TargetingC\W M4 ELSFRELSForm-Factor
Pluggable)
A New (2022) industry standard
A Produce 4/8/16single-f fibres up to 400mwW
A Supply ~16 PICs / ELSFP

A Prototypes beginning to become available
(see Carmelo TAGH)

A Rack hosting ~50-100 ELSFPs required
envisageU (p tm from VELO

A Large-scale implementation of ELSFPs is
expected for industry in datacentres

> VELO benefits from mass production of i . .
37 technology T et



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

ELSFP Multiplexing + Splitting

Light from ELSFPs od, 8, or 16 highpower cores

of different CWDMY 8 LA ~ [ LN R Wigdch)ibi | [y o [ Y

PIC needs fibre withupto 4 @0 O (mW),
Three waysto prepare this:

EAXx f N LW 8pldtrerChiix lddepower light of diffy

—
MUX  To VELO

ELSFP| >

Splitter

A L3 L KU MghipdWeklight first then split

ELSFP| O:

MUX Splitter

3

Table 5 DR type (1311) and FR type (CWDM4) wavelength assignment

OR

L I B |

CWDMAPMF =+ = = = CWDM-8PMF =+ = = =

MUX-Only More ELSFPs required
but no splitting

ELSFP

—
To VELO

MUX

A EAx f N Wkatlmodttomponents, but cheaper
technology could meet requirements

A~ Onf W3 Whadfrweltdnp. but need highpower
MUX and CWDMcompatible splitter

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


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

39

External Light Source Integration

Some questions to be answered for ELS rack:

APlacement in Cavern (physical location +adiation )

A Targeting VELO/RICH balcony (or potential new balcony to
be installed in LS3)eginning discussion with TC

A Cooling requirements

A Up to ~5kW needs to be displacedheginning discussion
with TC about solutions

APower and Control
A Procurement of prototype ELSFPs in progress

ARequirements of Fibre (@adiation + polarisation-

maintaining + feedthrough)
AE+FGUHqUWqYWULWII WA~ 1+ Wn! YO WEXx E LL:
what isradiation requirements on these?

A In discussion with Antonio + Abraham on requirements for 4
feedthrough generally

Today: Cavern Radiation Maps and Fibre Paths




ELSFP Multiplexing + Splitting Location

Integration Ideas: E

ACould separate SplittMUX from ELS
rack to patch panel/second rack

A Fewer, high-powered 1f lasers
nl YOLWEx EW3 WUOWJc¢ | Wé Ex §

ELSFP| >

Splitter

X f N LU 8pidtrerCniix idipower light of diffy

 —
To VELO

A Save on number of long PMFs ‘

A Opens questions on radhardness of
splitters/MUX modules

A Ultimate-cost saving solution
would be to Split/MUX after

vac. feedthrough

1 [
\ \ " i
L1 K [ /I
| T

A Save on feedthrough costs
A Material, radiation, out -

NEW Pl LEVED EHOO

Net t RUNWHEYUHNDI OFY Ws ShuUX at
i ack Or closer
40 unfeasible VRO

\m




Total RIA on Fibre from (10, -1, 1.5) to (0.5, 0, 0); Max = 0.04+5e-05 [dB]
: I T T T I T T T I T T T I T T T I T T T I :

Considerations

Total RIA [dB]
o
|

A Currently using TIBAttenuation vorl )
relationships from non-PMF only : f
A Potential need for dedicated rad. : > - :
studies on candidate PMFs Ry 1 g%?frnlgﬁ?ﬁfahf
A Should also consider NIEL effects / 107E /'~ Conventional SMF with 2.5x Safety Factor
X —1— CERN RR-MMF with 2.5x Safety Factor

other not-attenuation related damage

: I‘ P T | L1 | I S T T I T | A L | 4
0 2 4 6 8 10
Fibre Path Length [m]

A Safety Margins

A Factor of ~2.5 could change attenuation
COﬂSlderany Total RIA on Fibre from (10, -1, 1.5) to (31.5, -2, 10); Max = 0.11+0.0002 [dB]
T T 1 1 I T 1 1 T I 1 T T L] I T T 1 1 I T 1 1 T I :

-4-- Conventional SMF ]
~<-=- CERN RR-MMF

A Total attenuation from:
ELS® VELOP BE cardimportant

A Assuming BE cards in counting rooms,

4RIA [dB]
=

I LAY L

|

attenuation triples 001k
A Require finer VELO alcove FLUKA sim. R : Not including attenuation |
fO_I’rE]:I_t rslll?l?Cl)e dOSke estimates and U ' within VELO tank and PIC?
within tan ! ! E
(l)l HIIO”H2IOII”3IOIHI4I0H”5IOP

41 Fibre Path Length [m]
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