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Introduction

e Goal of this talk:

- Explain why and how the CMS Silicon Strip Tracker will be upgraded?
- Underline the IIHE/Belgian role in this project

* This public has both:
— People from different Fields
— Experts from within the field



Introduction

e Goal of this talk:

- Explain why and how the CMS Silicon Strip Tracker will be upgraded?
- Underline the IIHE/Belgian role in this project

* This public has both: Additional challenge:
- People from different fields > Try to not be too technical

— Experts from within the field > Try to not be too general




CERN and the Large Hadron Collider
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The compact muon solenoid

Iron Muon chambers

Mesures charged

Calorimeters particle trajectory

Measure the
particle energy

Magnet

Bends charged

. . particle’s trajectory
Collisions

~40-60 collisions
40 million times/s




Recording all this data

Detector 128 evt = 3.2pus



Recording all this data

Small fraction
of the event

Service cavern

Level-1 Trigger

4 — Hardware based
— Basic information (no tracker)
Accept — 3.2us to reject 99.75% of events
~0.25% —~ Decides what to read

Detector 128evt=3.2ps e



Recording all this data

Small fraction
of the event

Service cavern

Level-1 Trigger

-~ Hardware based

— Basic information (no tracker)
— 3.2us to reject 99.75% of events
— Decides what to read

Accept

Detector 128evt=3.2ys P

High-level Trigger

-~ CPU/GPU farm

— Partial reconstruction

- ~1s to reject 99% of events
— Decides what to store

~1 kHz
~2.5Gb/s

e
~200Tb/day* A

*Theoretical maximum 4




The HL-LHC

 The LHC is undergoing a major |

uminosity upgrade

HL-LHC PROJECT

HiLumi

LARGE HADRON COLLIDER

LHC HL-LHC s
Run 1 Run 2 Run 3 Run 4
1370y BB 1367y RN 13614 TeV
e - L . energy
les
splice consolidation i LIU Installati g
7Tev 8T8V outton collimators eagion retaliaten inner triolet e
R2E project regions Civil Eng. P1-P5 pilot beam radiation lmit installation

ATLAS - CMS
experiment upgrade phase 1 ATLAS - CMS
POMMPRES ety 2 nominal Lumi, ALICE - LHCb 2xnominal Lumi i vearede
75% nominal Lumi UPGIRc
= integrated JEIRLS
EXd [ 1900 | 450 fb luminosity TR LY
HL-LHC TECHNICAL EQUIPMENT:

DESIGN STUDY PROTOTYPES CONSTRUCTION

PHYSICS

HL-LHC CIVIL ENGINEERING:

DEFINITION EXCAVATION BUILDINGS



The HL-LHC /j
* The LHCis undergoing a major luminosity upgrade HL_[& JOL

- Bigincrease in integrated luminosity
Lint ~ 450fb™1 —» £, ~ 3 — 4000fb~*

* Bringing major challenges to the experiments

- Bigincrease in radiation damage




The HL-LHC | /j :
 The LHC is undergoing a major luminosity upgrade HL_lLHC PRQEDJ

- Bigincrease in integrated luminosity

-1 —1 '
£'Lnt ~ 450fb E'I/nt ~ 3 - 4000fb LHC HL-LHC

2024  Lpeak ~ 2.2 1034em 251
(PU) ~ 65

peak

run4+ Lpeak ~ D5 —T7.5" 1034em 2571
(PU) ~ 140 — 200
Bringing major challenges to the experiments
- Bigincrease in radiation damage
- Bigincrease in pile-up
— Impact on triggering, occupancy, tracking efficiency/resolution,...




Hit eff

iciency

Performance of the current detector

CMS Preliminary 2022 Data (13.6 TeV)
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Current detector is still performing remarkably well, but...
- Efficiency degrades with instantaneous luminosity
- Decrease of Signal-To-Noise ratio
- Increase of leakage current, risking thermal runaway Side note:
Belgium is heavily involved in
the Tracker project, from

Under control For LHC data-taking

Going 10x over design luminosity will require a new detector!

operations to offline calibration
and tracking! 5



Triggering

2011 2018 HL-LHC

~ 10 collisions ~ 40 collisions Up to 200 collisions
20 000 000 /s 40 000 000 /s 40 000 000 /s



Triggering

200 collisions at the same time... What’s the big deal ?

— The level-1 trigger has a 3.2ps to select/discard events
based on partial detector read-out



Trlggerlng 200 collisions at the same time... What’s the big deal ?

— The level-1 trigger has a 3.2ps to select/discard events
based on partial detector read-out

- QL
Am | in the middle of these 184 physicists?



Triggering

200 collisions at the same time... What’s the big deal ?

— The level-1 trigger has a 3.2ps to select/discard events
based on partial detector read-out

Am | in the middle of these 184 physicists?

-~ We need a better resolution



Triggering

200 collisions at the same time... What’s the big deal ?

— The level-1 trigger has a 3.2ps to select/discard events
based on partial detector read-out

Am | in the middle of these 184 physicists?

—~ We need a better resolution

— We need to select possible candidates

Here, bearded guys with glasses



The CMS phase-2 upgrade

“stub” pass fail
B
* Tracking at Level-1 requires data reduction ] °
— High transverse momentum tracks can be selected X X SIH0um
by correlating hits on two sensors NP
- 2GeV cut — datareduction of 10x to 100x %D‘ﬂm":—lﬂdﬁ e F*i
* "“Stubs” read-out at 40MHz e Trckar rontend ) (Tackar Bockend ) CMSQ

*  Full-data read-out if triggered (~750kHz)



The CMS phase-2 upgrade

“stub” pass fail
B
* Tracking at Level-1 requires data reduction ] o
— High transverse momentum tracks can be selected 4 x sl00pm
by correlating hits on two sensors PN [
* 2GeV cut - data reduction of 10x to 100x %D‘@m ":: I";“"I“H ey i
° uStubs" read-OUt at 40MHZ Outer Tracker Front-end | e ‘\CVM:AQ :

*  Full-data read-out if triggered (~750kHz)

e Goals of the upgraded detector:

— Participation in Level-1 triggering
— Radiation tolerance

-~ Improved granularity

— Reduced material budget

— Expanded eta coverage

——» Improve the detector’s capabilities
in more challenging environment




2S modules 5

Outer tracker modules:

Planar n-in-p, 320um thick sensors 25 Sensor

Binary read-out chips /r
Zero-suppression and data aggregation at module level AICFBridge\\<_/«ICFBridse

AICF Stump Bridge

2Strip modules Pixel Strip modules

2x1016 strips ~5cm x 90pm 2x960 strips ~2.4cm x 100um
2x1016 strips ~5cm x 90um 32x960 macro-pixels ~1.5mm x 100um

2S module

Current SiStrip modules

10



2S modules

Outer tracker modules:

Planar n-in-p, 320um thick sensors

FEH

2Strip mod
2x1016 str

IIHE's mission:

Build >1500 of these
modules in two years

AICF Bridge

=

idge




What is a 2S module?

Kapton strips

Electrical insulation

® FEH

Bridges

SEH

2S Sensor yma /

Pigtails
Electrical connection
AICF Stump Bridge to sensors

D
L
N
L
N
N
N
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Service Hybrid

Communication + powering

Structure + Cooling

]
]
]
]
]
]
]
]

[

(|

Ground

balancer
Noise reduction

Sensors
Active material

Front-End Hybrids

Detector electronics
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(111!
Kapton strips HV tails Sensors
Dimensional .
ac VI, electrical QC VI, edge QC

Wirebond

Pull test

Lm

HV QC
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Hybrids
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Skeleton assembly

Functional test
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Dimensional
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Metrology
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Bare module
aka “sandwich”

- -

Pull test
Functional test

IVQC

Encapsulate top

1]

Final module

Functional test
IV test
Burn-in test
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Belgian 2S module assembly center

Gluing ronots
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Belgian 2S module assembly center

Gluing ronots

Come visit us!

IF you want to visit the cleanroom,
now is the perfect time!

Get in touch, and we'll organise
it in the coming weeks

U' Universiteit VRUE
Antwerpen BRUSSEL

e e
I - UNIVERSITE

TELY 7 e LIBRE

UNIVERSITY DE BRUXELLES




Milestones this year

* So. Many. Improvements.
- lcan't gointo the details...

— | could list 20 items and miss
so many of them...

- A tremendous work has been
done by the team this year
to transform the cleanroom!

15



Milestones this year

* So. Many. Improvements.

 Site visit & stage-3 qualification

- Visit of Tracker management
* Very positive & constructive feedback
- On our way to be “fully-qualified”

e Just need a few more modules




Milestones this year

* So. Many. Improvements.
 Site visit & stage-3 qualification

* Training & documentation

EHLEL

- Expert-based - Operator centered
- Team growing in size and experience
- Big effort in training & documentation




Milestones this year

So. Many. Improvements.

Site visit & stage-3 qualification

Training & documentation

Planning & database

- Tools to coordinate, log & report
— Huge thanks to IIHE support!

Name
25_40_6_BEL-10002
25_40_6_BEL-10001
25_18_6_BEL-10003
25_18_6_BEL-10002
25_18_6_BEL-10001

25_18_6_BEL-01002

status
Assembling
Assembling
Assembling

Assembling

Module Assembly Overview
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Global Assembly Bookkeeping
. — P
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Production Planner .. 255 2024
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Milestones this year

So. Many. Improvements.

Site visit & stage-3 qualification
Training & documentation
Planning & database

Start of pre-production

S &\ .
.~ Soithegins

2020 — First early module built

2021 — First prototype module built

2022 | Prototype modules

2023 —— Kickoff modules

2024 —— Pre-series & pre-production

2025 —— Production (1/2)

2026 —— Production (2/2)

v

# modules

2

>1500
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Summary

The CMS silicon strip tracker is the biggest in the world
— Has been performing remarkably well for over 15 years
— Built and operated with the help of the Belgian community

A new tracker has been designed for the High-Luminosity LHC
- Design thoroughly tested over the years
— More than 1500 modules to be built right here

Module pre-production started, we now have 2 years
to build more than 1496 of these

V
s’;
[

“'LQ so good?”
"~ AARAK —
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Conclusion

CMS Experiment.at the LHC, CERN
[ Data recorded: 2018-Apr-17 11:00:22.026624 GMT

Run / Event / LS: 314472 /'68576477 / 67

Let’s build this detector!

21
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