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Overview

1. Overview of material in current Run 3 geom. vs latest
Run 5 and how this will change

2. Addition of Primary-Secondary Vacuum interface i.e.
“Barrier” and impact on downstream physics

3. Potential barrier mitigations and moving towards a
TDR-ready geometry



Material in Downstream
Acceptance

VELO Readout material (front-end, cabling) of
forward modules (z = 250 mm) are in LHCb
acceptance

Minimal (no) impact on VELO track reco. but
material will affect downstream performance:

* Increased scattering -> worse track resolution
* Electron reconstruction (increased Bremsstrahlung)
* Increased occupancy (increased secondaries)

Impact of this already seen in VELO Ul with greater
material budget from LV cabling

For VELO Upgrade Il understanding impact of
downstream material now is key to aid in global VELO
design... with realistic, but flexible simulation
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Key Metric: Radiation Length
After Last Hit, Og.,; < /x/X)



https://cds.cern.ch/record/2792295/files/2112.12763.pdf
https://cds.cern.ch/record/2792295/files/2112.12763.pdf

Run 3 & Scoping Document Geometry
Focus on Radiation Length After Last Hit, O¢.,; < \/x/X,
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, 15 forward modules & approximate hybrids/support



https://epgr03.ph.bham.ac.uk/dashboards/u2GlobOpt
https://epgr03.ph.bham.ac.uk/dashboards/u2GlobOpt

Evolving Run 5 Geometry

Many changes to module anticipated towards “TDR geometry’

Example Module Design,
more in Raphael’s Talk!
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Move DC-DC onto module
~ reduce LV Cabling but new
readout block in acc.

Move CO2 Connector to
higher r? Or remove?

FE-Hybrid + GBTx replaced by
IpGBT&VTRx+ O(10cm) away, but
additional routing in substrate?

... but important to factorise and
study changes individually with
approximate geometry!
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https://indico.cern.ch/event/1535828/timetable/?view=standard#40-global-mechanics-updates

SummaryofVELOUII
New Readout Components On Module | Ws24swdes
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Reminder: Electrical > Optical converters required on
module to transmit up to 400 Gbps / module
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* Primary Solution: Silicon Photonics PIC
* Tiny IC on ASIC periphery
* Modulate signal onto light @ 100 Gbps/Fibre (1 per ASIC)

 Backup Solution: Versatile Link + (VTRx+)
* New heavy components ~1x2 cm metal on module
e Elec. connection ASIC>VTRx+
e 214 required per module @ 50 Gbps/MM fibre
* Reduced headroom for hottest ASICs
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Conclusion: VTRx+ close to sensors severely
damages downstream performance (scattering,
occupancy, bremsstrahlung) but can recover by —
moving material to higher r
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https://indico.cern.ch/event/1459997/timetable/?view=standard#29-module-optimisation
https://indico.cern.ch/event/1459997/timetable/?view=standard#29-module-optimisation

Summary of

New Readout Components On Module

Remi l ]
on mo Rx+ 1

Since November:

* Successful tests with TimePix4 + VTRx+ suggest max ASIC » VTRx+
distance ~10 cm is possible [more in Fran’s Electronics talk] :

* Performance degradation at low n expected to remain but significant improvement

However....

* VTRx+ epoxy fails outgassing tests .. not primary vacuum safe ... T
[more in Carmelo’s Electronics talk] (some ICs needed for both DAQ solutions!) jpolationo UF

hing Baseline

- Requirement for separation between Primary and | o
Secondary Vacuum, with any barrier design ot -
Conc| decoupled from SiPh/VTRx+ decision

bremsstrg

- improvement at low n
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https://indico.cern.ch/event/1535828/timetable/?view=standard#19-optical-links-vtrx-siph
https://indico.cern.ch/event/1535828/timetable/?view=standard#19-optical-links-vtrx-siph

Secondary Vacuum Barrier: ———

Motivation + Design

Reminder: Run 5 ultra-light RF shield
expected to not act as primary/
secondary vacuum separation in Ull

~. New barrier/interface needed
for components that outgas

 Both SiPh and VTRx+ readout solutions
require control [pGBT+VTRx+

* DC-DC converters + CO2 connector
preferred in secondary vacuum

Barrier adds new, heavy material within
downstream acceptance...

- Let’s simulate it!

Note:

Material on both
VTRx+ & DC-DC sides of Module
~ 2
(~60x40mm?) . Secondary

Vac
. Primary

New Vacuum Vac.

Barrier
(~2 mm Aluminium)

\_\e

r~80-110mm |

Vacuum Flanges

(~5 mm Aluminium)

Numbers are estimates from mechanics
Full details on interface + potential
Module Designs in Raphael’s Talk!



https://indico.cern.ch/event/1535828/timetable/?view=standard#40-global-mechanics-updates

[Detector!641]

Secondary Vacuum Barrier:
Simulation Geometry

Simplified parametric implementation with
conservative material budget in realistic position

Routing for 1V Power
0.2 mm thick copper
(x/Xo = 1.4%)

Vacuum Flanges =
5 mm Cuboids of
Aluminium (x/X, = 5.6%)
At each module z

1

Dy

Vacuum Barrier =

2.5 mm Aluminium

(x/Xy = 2.8%)
Uniformin z

Cables for 12V Power

“Power/Control block”

60x40x0.4 mm?® Copper
(x/X, = 2.8%)

p/2 Run 3 Cables
(x/Xo = 0.7%)



https://gitlab.cern.ch/lhcb/Detector/-/merge_requests/641

Secondary Vacuum Barrier:
Material Scan

Simplified parametric implementation with
conservative material budget in realistic positions

Power/Control Block = 60x40x0.4mm? Cu. with 200xm routing to ASIC
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Secondary Vacuum Barrier:

I Barrier = 2.5mm Thick Al. with Smm Flanges
M ate rl a l SC a n Power/Control Block = 60x40x0.4mm?3 Cu. with 200um routing to ASIC
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Simplified parametric implementation with
conservative material budget in realistic positions

----- Scoping Doc., Avg.=9.41%
----- Power/Control Block only (r=8.0cm), Avg.=9.38%
Barrier w/o Flanges (r=38.0cm), Avg.=14.50%
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Secondary Vacuum Barrier:

I Barrier = 2.5mm Thick Al. with Smm Flanges
M ate rl a l SC a n Power/Control Block = 60x40x0.4mm?3 Cu. with 200um routing to ASIC
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Simplified parametric implementation with
conservative material budget in realistic positions

----- Scoping Doc., Avg.=9.41%

----- Power/Control Block only (r=8.0cm), Avg.=9.38%
Barrier w/o Flanges (r=38.0cm), Avg.=14.50%

— Barrier w/ Flanges (r=8.0cm), Avg.=14.93%
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Barrier w/
Flanges

Secondary Vacuum Barrier: or e om

Material Scan O ‘ e

Barrier = 2.5mm Thick Al. with 5Smm Flanges Barrier = 2.5mm Thick Al. with 5Smm Flanges
Power/Control Block = 60x40x0.4mm?* Cu. with 200um routing to ASIC Power/Control Block = 60x40x0.4mm?® Cu. with 200um routing to ASIC
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» Significant new material atn < 3, ~uniform across ¢ ... Answer: Fix all other components and
* What radius is required to minimise the barrier study material + downstream physics
13 material in acceptance? impact as a function of barrier r




Material Scan against Barrier r Oscar < %/

Scan: r~80 mm > ~120 mm Barrier = 2.5mm Thick Al. with 5mm Flanges
Power/Control Block = 60x40x0.4mm? Cu. with 200xm routing to ASIC
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—— Barrier r=11.0cm, Avg.=11.57%
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* At smaller r more forward tracks pass through
parallel to barrier . amplifying x/X, | |
e 1m < 2.5, passthrough barrierindependent of 02,() 2.5 3.0 3.5 4.0 4.5 5.0
r unavoidable 1.5x increase in material n
» >25% reductionin x/X forr = 12cmvs 8cm Larger barrier radius vital, but damage expected at low n
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Downstream Occupancy
against Barrier r

/ (Proxy for RICH1 Occ.)

Occupancy increase
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Larger barrier radius vital to reduce UP (and
RICH1) occupancy... What’s the source?
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# Particles From Bremsstrahlung Vix

Material Interactions
against Barrier r

Particles From Bremsstrahlung Vtx (p >2.5GeV, 0 <Zv 1 < 775mm)
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[ Barrier r=12.0cm, 4.84 / Event

12cm~>8cm
=25% increase
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Particle n

Significant impact on electron reconstruction + electron
yield, focused on region with new material
Effect minimised byr>11cm
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Larger barrier radius vital to prevent
localised tripling of Bremsstrahlung




Downstream Track Reco Oscat X VI/X0  prom now materil
against Barrier r o A Bl o U

g T =
g PR BERS ey ——  Scoping Doc.
Tracks intercept material after last VELO hit E : - : g;rﬁsf;iréi);i0cm)
 Does new material increase scattering < Barrier 7=9.0cm
before subsequent meas. in UP enough 4 Barrier = 10.0cm
to affect track res.? —=—  Barrier r=11.0cm
* i.e. How big must window be to match 3 —~  Barrier r=12.0cm

TV Tracks -> UP Tracks (HLT17?)

e
* Perform straight line extrapolation of 2 .
TV tracks -> First UP Plane p e

—a—

P SR | ——i—e—
25 3.0

Aty is window needed for 99%

Hit Efficiency in UP b e e e b e
Tracks: 2 <n <5, p>2.5GeV 2.0 2.5 3.0 3.5 4.0 4.5 5.077

* Barrier will damage track resolution at low n, effect minimised by increased r
* Expect a~40% larger window forr = 8 cmvsr = 12 cm to achieve same eff.

17 — Direct effect on U2 trigger bandwidth... 2000 particles per event




Mean x/Xy AFTER last velo hit [%]
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Electrons From Bremsstrahlung Vtx (p>2.5GeV, O < thx < 775mm)
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Copper Routing in Module

Constant 0.2 mm copper from ASIC->Barrier simulated on module for
LV power routing (on both sides of module)

* This could be thinned for smaller barrier r (Res. « length)

* Effectintentionally factorised before, but what is coupled effect?

* Thinwith respect to Barrierr = 12cm > 0.2 mm copper ([ = 10cm)
- Barrierr = 8cm = 0.12 mm thick (I = 6cm)

Overall, second order effect compared to barrier r

* Reduce routing material offers saving across2 <n < 4
*  With up to 40% reduction in x/X, in low material region
> ~20-25% reduction in int. vertices, scattering...

Mat | prgicmd] | Xolem] |o[Q'm]

Cu 8.96 1.44 50.6 M

Al 2.70 8.90 37.7M
19

Potential to replace Cu with Al
as routing?

Large improvementin X, but
increase in thickness required for
conductivity... to be investigated
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Other metrics in backup



Towards TDR Geometry

* Results today are from an approximation, adding conservative
amounts of new material in realistic location to understand
effect on physics and aid in global module design

* Many details of geometry will change as we move towards TDR
studies, many affecting downstream material in acc:

* Module-Half geometry (4 per station) * Cooling solution

* SensorTiling (#ASICs, iris) * Electronics support structure
* RF shield + Support structure * Overall Vacuum tank
* New substrate design * Module tilting mechanics

* As ~final TDR desigh becomes established, sophisticated
implementation of geometry will be prepared for TDR studies

* See [Raphael’s talk] for Global Mechanics Progress and
realistic Primary-Secondary vacuum barrier designs

* Followed by complete & detailed physics studies



https://indico.cern.ch/event/1535828/timetable/?view=standard#40-global-mechanics-updates

Summary

* Primary-Secondary Vacuum “Barrier” required for
components that outgas

* New material in downstream acceptance after VELO hits

* Vital to keep barrier at large radius to limit impact on
RICH1, UP, etc..
« r = 8cmtoo close, expect significant physics impact
* 11-12 cm recovers performance forn > 2.5
* Final barrier design will have nuance...

* Mitigations possible with reduced-p design in critical
z > 300mm region. Thinning of power routing can
improve 3< 1 < 4 region...

* Understanding and quantifying downstream material
in simulation geometry key for performant VELO that
serves entire LHCb Detector

* Moving towards TDR design + geometry with this in mind...
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T T T T T T 1 1 | T T T T | T T 1 1 | T T T T | T T T 1

1 Scoping Doc.
[ | No Barrier (r=8.0cm)
1 Barrier r=8.0cm
Barrier r=9.0cm -
Barrier r=10.0cm
[1 Barrier r=11.0cm
—1]

Barrier r=12.0cm

1 1 1 1 1 1 1 1 1 1 1 1 1 1 I 1 1 1 1
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Backup



More Run 3 Material Scans
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Material Interactions
against Barrier r

# Particles From Hadronic Interactions Vtx

Particles From

1500
1250
1000
750 E
500 —

250 F

-“t%

-3

Scoping Doc., 84.27 / Event

No Barrier (r=8.0cm), 81.96 / Event

Barrier r=8.0cm, 84.30 / Event
Barrier r=9.0cm, 83.43 / Event
Barrier r=10.0cm, 81.20 / Event
Barrier r=11.0cm, 82.46 / Event
Barrier r=12.0cm, 82.28 / Event

Hadronic Interactions Vix (p > 2.5GeV, 0 < z,, < 775mm)
| | | | I 1 1 1 1 1 1 1 I 1 1 1 1 I 1 1 1 LI

D
O-Ill

2.5 3.0 3.5

TR BT
4.0 4.5 5.0

Particle n
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Reducing Barrier Material

TV Tracks Straight Line Extrapolation to UP

L
e

------ Scoping Doc.
—— Barrier r=8.0cm
------ CF Barrier r=8.0cm
Barrier r=10.0cm
CF Barrier r=10.0cm
—— Barrier r=12.0cm
------ CF Barrier r=12.0cm

s
)

(8]
<

)
)

______

Mean x/Xo AFTER last velo hit [%]

o

2.0 2.5 3.0 3.5 4.0 4.5 5.0

S

p—
o

Barrier = 2.5mm with 5mm Al. Flanges
Power/Control Block = 60x40x0.4mm? Cu.with 200um routing to ASIC

----- Scoping Doc., Avg.=9.41%
Material After — Al Barrier r=8.0cm, Avg.=14.93%
Last VeloHit = -——-- CF Barrier r=8.0cm, Avg.=11.66%
for 0 <z <775mm Al Barrier r=10.0cm, Avg.=12.47%

CF Barrier r=10.0cm, Avg.=10.33%
—— Al Barrier r=12.0cm, Avg.=10.86%
----- CF Barrier r=12.0cm, Avg.=9.47%

W = e e .I" Pl
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Copper Routing in Module

TV Tracks Straight Line Extrapolation to UP
1 I T 1 T T I 1 1 1 T I T T 1 1 I 1 1 T 1 l T

Scoping Doc.
Barrier r=8.0cm

Barrier r=8.0cm, Cu 1=120um
Barrier r=10.0cm

Barrier r=10.0cm, Cu = 160um
Barrier r=12.0cm
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# Electrons From Bremsstrahlung Vix
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)
I

150

100
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)

Mean x/Xy AFTER last velo hit [%]

Electrons From Bremsstrahlung Vix (p > 2.5GeV, 0< z,;, < 775mm)
T T T T T T T T T T T T T I T T T T I T T T T

Barrier = 2.5mm Thick Al. with 5mm Flanges
Power/Control Block = 60x40x0.4mm?* & Cu. Routing

50 ---- Scoping Doc., Avg.=9.41%
. — Barrier r=8.0cm, Cu r=200pm, Avg.=14.93%
[ yaastte{;;loAétifr - Barrier r=8.0cm, Cu r=120um, Avg.=13.16%

Barrier r=10.0cm, Cu r=200pm, Avg.=12.47%
Barrier r=10.0cm, Cu t=160um, Avg.=11.49%
—— Barrier r=12.0cm, Cu r=200um, Avg.=10.86%

40 - for 0 <z<775mm
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I |
[ Barrier =8.0cm, Cu t=200um
L__. Barrier r=8.0cm, Cu r=120um
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Barrier r=10.0cm, Cu r=160um
[ Barrier r=12.0cm, Cu r=200um
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Barrier r=6 cm, with Thin Power Routing

Barrier = 2.5mm Thick Al. with Smm Flanges
Power/Control Block = 60x40x0.4mm?> Cu. Routing

Barrier r=6.0cm, Cu r=80um, Avg.=17.05%
-+1-- Barrier r=8.0cm, Cu r=200um, Avg.=14.93%
Barrier r=8.0cm, Cu r=120um, Avg.=13.16%
Barrier r=10.0cm, Cu r=200um, Avg.=12.47%
Barrier r=10.0cm, Cu r=160um, Avg.=11.49%

Barrier r=12.0cm, Cu r=200um, A\X—IO.%%
Materlal fter

Last Velo Hit
for 0<z<775mm

(%)
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Mean x/Xo AFTER last velo hit [%]
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o
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)
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