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* [echnical Enhancements

 Phase2 Iracker Upgrade
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Phase Il Upgrade for HL-LHC (2029)

For the first time at the LHC, hardware based tracking will be run for every
bunch crossing.

Datarecorded: 2016-Oct-14 09:33:30,044032 GMT

Run./ Event 4.S: 283171 / 95092595 / 195 ' ~130" vertices—
- . X > \ ; 4 .

® FOr the HL_LHC upgrade: ﬂ CMS Experiment at the LHC, CERN

 Bunch crossings at 40 MHz

* High pileup 140 - 200 for every
bunch crossing

* High irradiation
» CMS Phase Il detector upgrade

* On_deteCtor fllterlng to reduce Real-life event with HL—LHC—Iie pileup from special run in 2016 with individual high
hlt rate intensity bunches.

~—

* Mitigating pileup effects
° RadiatiOn hardneSS https://cds.cern.ch/record/2231915
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ompact Muon Solenoid) Detector

CMS DETECTOR STEEL RETURN YOKE

Total weight : 14,000 tonnes 12,500 tonnes SILICON TRACKERS

Overall diameter :15.0m Pixel (100x150 pm?) ~1 m? ~66M channels
Overall length ~ :28.7m Microstrips (80-180 ym) ~200 m? ~9.6M channels

Magnetic field :3.8T

SUPERCONDUCTING SOLENOID
Niobium titanium coil carrying ~18,000 A

MUON CHAMBERS
Barrel: 250 Drift Tube, 480 Resistive Plate Chambers
Endcaps: 540 Cathode Strip, 576 Resistive Plate Chambers

PRESHOWER
Silicon strips ~16 m* ~137,000 channels

FORWARD CALORIMETER
Steel + Quartz fibres ~2,000 Channels

CRYSTAL
ELECTROMAGNETIC

CALORIMETER (ECAL)
~76,000 scintillating PbWO, crystals

HADRON CALORIMETER (HC/
Brass + Plastic scintillator ~7,000 channels

)

https://cds.cern.ch/record/2665537
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Phase2 Outer Tracker
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Tilted modules

* Outer tracker region has 6 layers in the barrel and 5 discs in the endcaps.
* PS modules: in the 1st 3 layers of the outer tracker, in the radial region 200-600 mm

* 2S modules: in the outermost 3 layers, in the radial region above 600 mm

https://cms-tklayout.web.cern.ch/cms-tklayout/layouts-work/cmssw-models/ZG OT800 IT711/index.html
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Phase2 Outer Tracker

2S: two strip
Sensors

Tracker Barrel 2S

~Suttttss4h N> Y + SR PS: one strip
e YY) , N} SEensor
u sl ., and one macro-

pixel sensor

~

Tracker Barrel PS
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e Stub y

 Correlated pair of clusters \\Q\X\

* Form input to track finding \s&\* \*\\\\
 Bend e T T \
* Difference between the centroids of two clusters that \Zﬂ \\ x\ \

comprise a stub

 Threshold of 2 GeV

https://cds.cern.ch/record/2272264/files/CMS-TDR-014.pdf
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e Stub
* Correlated pair of clusters
 Form input to track finding
* Bend

e Difference between the centroids of two clusters that
comprise a stub

 Threshold of 2 GeV

https://cds.cern.ch/record/2272264/files/CMS-TDR-014.pdf
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e Stub
* Correlated pair of clusters

 Form input to track finding

e Bend

e Difference between the centroids of two clusters that

comprise a stub
 Threshold of 2 GeV

B. Skipworth
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DQM (Data Quality Monitoring) Software

DQM is essential for keeping an eye
on data quality at all stages, from
when we first gather data to the final
analysis.

Used in the following key
environments:

e Online: for real-time detector
monitoring

* Offline: for prompt-offline-feedback %* N atf}ﬁfgm%

and final fine grained data quality
analysis and certification

 Validation: software and simulation

B. Skipworth
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CMS online ; offline
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Improving Data Validation

Histograms for Comparison: Added histograms to compare measured quantities
(stubs) with generated values to analyze resolutions.

Stub Residual Analysis: Developed capabilities to examine stub residuals,
enhancing the understanding of measurement precision.

Generated Values: In this case, we focus on generator-level tracks, named
Tracking Particles (TP). They are used as reference points for validation.

Measured Values ("stubs"): Simulated detector data, used to validate and
compare against generated values.
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2S module PS module

~ 2 X 90 cm? active area ~ 2 X 45 cm? active area

2 x 1016 strips: ~ 5cm X 90 ym 2 X 960 strips:  ~ 2.4 cm X 100 ym
2 X 1016 strips:  ~ 5cm X 90 yum | 32 X 960 macro-pixels: ~ 1.5 mm x 100 ym

Wec%,%%
2S module\

IP
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https://cds.cern.ch/record/2272264/files/CMS-TDR-014.pdf

Stub Efficiency

Stub Efficiency
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 Forthe FIRST TIME at the LHC,
tracking information will be used at the Level 1 trigger

 The CMS outer tracker is being upgraded to manage the harsh
radiation environment and complex events, ensuring efficient data
reconstruction and processing.

 DQM is essential for continuously monitoring data quality, promptly
identifying and alerting us to any detrimental changes caused by
variations In detector conditions and operational scenarios.

 DQM acts at every data handling stage, from collection to analysis,
with advanced checks integrated to swiftly address emerging issues.
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Outer Tracker 2S Modules

2S (two strip sensors)

Strip Sensors

Flex Readout Hybrid

7

Data

concentrator
\ chip (CIC)

500 um CF Stiffeners
for the Hybrid

N

HV Backplane AI-CF Spacer
Connection

Service Hybrid
500 pum Service Hybrid CF Stiffener

Structure: Each 2S module consists of two
parallel sensors, each with 2032 strip lines.

Front-End Hybrids: Each module has two
front-end read-out hybrids.

Service Hybrid: Provides optical data
connectivity, power to the front-end
hybrids, and biasing for the sensors.

1.6mm 1 I

Main Al-Cf Bridge

A cross section view showing wire bond interconnections of
both sensors to a folded front-end hybrid

https://indico.cern.ch/event/697988/contributions/3056091/attachments/1718845/2773934/TWEPP-18 Tomasz Gadek Poster 2S FEH.pdf
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Outer Tracker 2S Modules

2S (two strip sensors)

e Structure: Each 2S module consists of two
parallel sensors, each with 2032 strip lines.

b * Front-End Hybrids: Each module has two
front-end read-out hybrids.

Flex Readout Hybrid

Service Hybrid: Provides optical data
connectivity, power to the front-end
hybrids, and biasing for the sensors.

centrator

> (CIC) 1.6mm i I

‘ Service Hybrid 500 um CF Stiffeners Main Al-Cf Bridge
500 um Service Hybrid CF Stiffener HV Backplane AI-CF Spacer for the Hybrid

Connection A cross section view showing wire bond interconnections of
both sensors to a folded front-end hybrid

https://indico.cern.ch/event/697988/contributions/3056091/attachments/1718845/2773934/TWEPP-18 Tomasz Gadek Poster 2S FEH.pdf
B. Skipworth 20



https://indico.cern.ch/event/697988/contributions/3056091/attachments/1718845/2773934/TWEPP-18_Tomasz_Gadek_Poster_2S_FEH.pdf

Outer Tracker 2S Modules

2S (two strip sensors)

e CBC (CMS Binary Chip): Front-End Hybrids: Each
CBC reads signals from 254 silicon strip sensors,
performing critical hit correlation tasks that help
Strip Sensors identify potential particle tracks by forming stubs.

Flex Readout Hybrid

/ e CIC (Concentrator Integrated Circuit): The CIC

aggregates and processes data from multiple
CBCs, performing data sparsification and
formatting the data for efficient transmission to the
main CMS data acquisition system.

Read-out chips (CBC)

Data
concentrator
chip (CIC)

\V

Service Hybrid \ 500 um CF Stiffeners

500 um Service Hybrid CF Stiffener HV Backplane  AI-CF Spacer for the Hybrid Detailed Layout qf the 2S Module Front-End Flex: Showcasing the Bump-
Connection Bondable Footprint for the Concentrator ASIC.

https://indico.cern.ch/event/697988/contributions/3056091/attachments/1718845/2773934/TWEPP-18 Tomasz Gadek Poster 2S FEH.pdf
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Outer Tracker 2S Modules

2S (two strip sensors)

e Structure: Each 2S module consists of two
parallel sensors, each with 2032 strip lines.

Strip Sensors * Front-End Hybrids: Each module has two

/ front-end read-out hybrids.
Read-out chips (CBC)
 _ Service Hybrid: Provides optical data
> , - connectivity, power to the front-end
’~ hybrids, and biasing for the sensors.

4 S

Flex Readout Hybrid

~

concentrator o
3 \ \ e o 1 I A
‘ Service Hybrid 500 um CF Stiffeners Main Al-Cf Bridge
500 um Service Hybrid CF Stiffener HV Backplane  AI-CF Spacer for the Hybrid | | | | | |
Connection A cross section view showing wire bond interconnections of

both sensors to a folded front-end hybrid
https://indico.cern.ch/event/697988/contributions/3056091/attachments/1718845/2773934/TWEPP-18 Tomasz Gadek Poster 2S FEH.pdf
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Flat Barrel Layout

 Both the top and bottom silicon
sensors of a module must be
connected to the readout
electronic that performs stub
finding

* The two halves of each module
are read out independently

* Flat barrel layout would cause
geometrical inefficiency of stub
finding

B. Skipworth
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