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Asked to look back into the

. past with nostalgia.
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Long ago, not far away...
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Why upgrader
= Cope with high lumi running
= At the same time address VELO issues

Q

I I I
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Radiation hardness

First sensitive element too close to the beam
Reduce the Material budget for sensors and foil
Big thermal gradient

Done on the cheap (compared to ATLAS/CMS)

[ “Performance of upgraded VELO
must improve on that of current
VELO”

All LHCb weeks
All speakers



| Generic requirements

Performance requirements We had the implicit
« Fast, Efficient, Ghost free pattern recognition up to L=2x10% IE’i].SSUfI’ﬁT‘.]p.tIOh of hlgh
« EXxcellent impact parameter resolution and identification of primary and it efficiency,

secondary vertices above 95%

=« Excellent triggering capabilities

Design Choices

Four spatial mé;surements over rapidity range 1.9 <n <4.9
Finest possible spatial resolution

Smallest possible minimum radius

Minimal material in fiducial region
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It is time to make a
concrete plan of what the
Timing VELO detector will

look like




Pre-TDR Review meeting -- Proposal: 10 June 2026

Many milestones to be met by Q2/2026.

Review the status of critical decisions to be described on the TDR:
1 - Cooling substrate candidates and connector candidates

2 - Sensors - Spatial and Temporal resolutions

3 - DAQ systems and optical solutions.

4 - preferred RF-shield shape

5 - Vacua separation and feedthrough options

6 - ASIC: Base technological pathway to be discussed.

Invite referees to help in the review process.

Further choices before TDR: Detector layout and Silicon Photonics
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Simulation

We reach the stage in which serious material choices must be made and feedback
from Physics groups is highly needed:

- Choices of cooling connectors -- where and what they are made of -- as well
as the Vacuum separation flange might not affect impact parameter but
degrade electron reconstruction.

- RF-Shield radial aperture, support structure and total material influences the
total detector material budget.

- A Realistic Time-response and hit digitisation is crucial -- This guides and
affects the Layout decision.

We need key physics channels and a
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Larger planes could lead to fewer stations

LayOUt (less total material)

5 (6) or more planes to
compensate hit eff <90 (85) %

N\

Forward region could be at
larger inner radius
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Some Backward Tilting to improve spatial resolution
sensors of different

sensor technology?
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Tiles can be rotated in 2 directions wrt z axis

* The tiles can be placed
at an angle: Quarter frame

* By rotating the
connectors and the

beams of the frame
Normal

module

\ Extra ring: Short module

—
—
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RF Shield: The crucial component for the VELO Upgrade

P. Collins
The RF shield is mandatory.

It needs to be thicker than ~20 um of Al, but
as thin as possible.

60 um Al R&D tube achieved
- Todd Slater

Cannot outgas.
SEY conditioned.

Mechanically stable - open and close
mechanism

How long can it be?
e

--Forward section also important.

Nik|hef
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Replace the outer mechanics too....
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Primary vacuum Insulation vacuum volume
Diameter 500mm Outer Diameter 1200mm

Vacuum separation in the acceptance?

— more news from Raphael
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Vacuum, Vacua -- G.Bregliozzi (A'dam 2023)

1.
a)
b)
c)
d)

2,

Nik]hef

ADMISSIBLE OUTGASSING RATE — test prior to installation:
Pumpdown will define the outgassing rate and variation in time
Leak detection
Outgassing @ 24h
RGA scan

NO CONTAMINATION

Anomalous presence of hydrocarbons, most probably due to error in design and/or lack
of appropriate cleaning

Higher than expected CO and CO, outgassing;

Any chemical element or compound usually not present in the residual gas phase, for
example, F and CI (issue with etching and cleaning), K and Na (manipulation), P and S
(issue with electrolytic treatments).

— Possible to have detectors in primary vacuum, but TLC is required.

"We could be flexible on the total outgassing, but we

can not accept any form of contaminations;"
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Modules / Stations

A few option ideas
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Modules / Stations

A few option ideas

for sensor

arrangements.

. Xdd | Xdd
This affects the ' :

layout and number
of stations.

Xdd Xdd

Xdd Xdd

PPX
Xdd

PPX
Xdd

PPX
Xdd
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Silicon is a great cooling material

a) Trench etching b) Passivation layer deposition ¢) Anisotropic etching

In addition to a matching CTE,
Silicon has a high thermal “

conductivity and very low XO.

d) Channel isotropic etching ¢) Passivation removal

Last year FBK showed great “

capabilities in etching, but can we
make reliable connectors? g e

DESIGN for single 1CHIP U-turn

Large bulky steel connectors are
uncool. Can we etch a knee like
structure?
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f) Trench sealing

Micro-chanell plate 20x40mm

13 channels 200x120 um

Silicon walls 500um

Inlet restrictions 60x120um: same lenght 6mm for all
Inlet outlet holes 1.6 mm diameter

Pillars in the outlet: 350um diameter

Shortest channel: 45 mm

Longest channel: 79 mm
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Sensors

- How big should the sensors be?

- Can they survive non uniform
irradiation?

- How much efficiency do we lose if we
have single ASIC sensors?

- How worse is the physics if we add
overlaps?

- Should we compensate efficiency loss
with more layers?

- Should we have more (/, 87) hits to
satisfy the 20 ps/track?

- What s the time resolution on average

hit distribution for at the LHCDb

Nik]hef

07/10/2024

Sensor design:

* Study considers:
* Column geometry
* 1Eand 2E as main device
* 3E as academic comparison
* Trench
* TimeSPOT 3D trench as
mparison

ParTrench

* Pitch
* 45um, 50 um and 55 um

* Technology:

* FBK 3D single side (3DSS)

* 150 um active wafer on top of 490 um
support wafer

* Trench
*  4umwidth
* 150 um deep bias
* 120/130 um deep readout

iy SYNoPsYys’
TCAD

* 6 um diameter and 150 um depth for bias

v
=4 !

LHCb VELO, TAG-3 meeting 10/2024
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AS' CS "If Alice can make 50 um ASICs so can we"
- K. Akiba

There are many new points in the ASIC

- The most important are the spatial
resolution and temporal resolution.

In addition the ASIC must cope with a
very high hit rate and data rate. "Hybridization might be tricky..."

Major decision points will be the - K. Akiba

temporal and spatial performance, as
well as high rate capability and
scalability.
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Light output + optical feedthroughs Ring

Fiber modulator
CW laser

coupler

Versatile Link PLUS
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Trust is good but Testing is better

Test beam facilities will be closed during a
critical period for Upgrade 2.

R&D must be early and high rate tests
need to be performed next year!

2024 2025 2026 2027 2028 2029 2030 2031

J FMAMIJ JASOND|JFMAMIJ JASOND|JFMAMIJ JASONP|J FMAMIJ JASOND|JFMAMIJ JASONDRI FMAMIJ JASOND|IJFMAMIJ JASOND|JFMAMIJ JASOND

DESY Il Test Beam Facility
CERN SPS North Area
CERN PS East Area
Fermilab

PITZ (22MeV)

stAC | | I N | _
CLEAR

PARTREC Groningen

|DESY ARES

PSI (HIPA)

KEK(PF-AR)
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TDR skeleton (page estimate -- 135+20 total)

Introduction (3)
Requirements and layout (5)
VELO performance (20)

Modules (15)
o Sensor+ASIC assembly connection to substrate.
o substrate & cooling manufacture

o 4D Tracking and 4D vertex performances i )
, " o cooling connection
o IP resolution, pattern recognition speed tests , )
. o on module electronics and photonics
o Material budget
. L . o Test and QA procedures
o Selected physics channels efficiencies and trigger ,
performance Mechanics(15)
ASICs (10) o Detector Layout
- RF shield

o wire/bump bonding,
o sensor/ASIC thinning
o high speed serializers
Sensors(10)

o Spatial performance
o Timing

o Efficiency

Readout chain (10)

o Copper link — optical translation
o feedthroughs

o backend specs

Nik]hef

o vacuum separation
> Module supports
Current state of R&D and expected progress (10)
o Sensors, asics, cooling etc.
Prototyping and demonstrator module test results (10)
Infrastructure requirements and plans (5)
Assembly, Installation, Commissioning (5)
Project Organisation, Costing (7)
Management, timescale (5)
« Acknowledgements, references (1+5)
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Pathways to decisions

1 - By the end of this workshop we should come with specific set of criteria for
which the decisions will be made. We will use the workshop for inspiration and

discussions.

2 - Referees will be indicated and requested to take the criteria in consideration
into account. They will read the documentation and provide their appreciation for
each case.

3 - This report will be considered by VELO upgrade group, which will then (in the
case of consensus) make a recommendation.

4 - The recommendations will go to TB for ratification, or alternative proposals will
go to the TB to make the final decision.

Nik|hef Kazu Akiba - Velo Upgrade 2 Workshop
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Current table of interests -- Under reconstruction!

c - Conditionally interested x - Interested
g - Funding Granted f - Funding available for R&D

BR ES CERN IT IT IT NL PL SE UK UK UK UK UK UK UK

Simulation

Sensors
test beam
lab tests

irradiation
3D column
3D trench

ASICS
Chacterisation

QA/Wafer testing

SEU testing+irradiation
High rate tests

Thinning and hybridization

On Module electronics -
Optical links and feedthroughs .

Controls and Power

Electronics

Power Supplies
high speed links

DAQ and ECS
Firmware
high rate tests
Controls

Mechanics

RF Shield -

Cooling Infrastructure

Vacuum Tank and Motion
Mechanics/Detector Assembly -
feedthroughs

Cooling Substrate -

Module design

Modules

Module production

Nik]hef

module testing




TDR effort directors

Mechanics: Malcolm, Victor, Kazu
Sensors & ASICs: Paula and Adriano
Module Developments: Abraham, Nicola

Electronics (including module electronics): Edgar +7

Simulation: Tim + Dan (?)
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Conclusions

Nik[hef

In this workshop we should agree on what are the conditions to make the
decisions for the TDR -- document this ina clear way.

Aim to have by the next year a meeting to discuss the options we still have
open and their perspectives.

Conceptual ASICs+electronics demonstrators and high rate tests.
Simulated datasets with agreed, realistic material distributions

Physics performance assessment

To be followed by consensus and TDR!

Looking forward to a productive workshop, and many thanks to the USC team
for their hospitality

Kazu Akiba - Velo Upgrade 2 Workshop
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Now you go and make
that detector!
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backup
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A brief comparison

The complete production of the whole VELO detector is small:

"The whole sensitive area of the VELO detector can fitin a A3 sheet of paper *"

M. van Beuzekom

We should use as much as possible the available time to provide high performing
solutions, because the production time can be fast.

*204x4.2cmx1.4cm =0.119952 m? < 42cmx29.7cm = 0.12474 m?
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