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INTEGRATION CHALLENGES IN COLLIDERDETECTORS FOR PARTICLE PHYSICS

The examples of the CMS experiment Tracker and High-Granularity Calorimeter for High-Luminosity LHC operation
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What is CMS:
CMS DETECTOR STEEL RETURN YOKE
Total weight : 14,000 tonnes 12,500 tonnes

SILICON TRACKERS
Pixel (100x150 um?*) ~1 m* ~66M channels
Microstrips (80-180 um) ~200 m?* ~9.6M channels

Overall diameter :15.0 m
Overall length :28.7m
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 (HCAL)
Brass + Plastic scintillator ~7,000 channels
karol.rapacz@cern.ch
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Compactness of Compact Muon Solenoid
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m
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Tracker PP1

Typical few
centimeter gaps
between frequently
moving detectors
weighing ~ 1400
tonnes!

karol.rapacz@cern.ch
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Detector envelopes definition
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* Motion
* Tight
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Detector envelopes debugging

* Size

* Weight

* Motion

* Tight
Envelopes

* Inputs

* Envelopes
Uncertainties

Laser scans ofspecn“c mteg rat|on areas % Points cloud from CMS scanning efforts
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) HGCAL - High Granularity Calorimeter

Hadronic

Electromagnetic

Active’ Part of HGCAL

Neutron Moderator Endcap Timing

Layer
Key Parameters:
HGCAL Covers 1.5 < n <3
~220 tonnes per endcap CLICK HERE TO SEE SHORT
HGCAL ASSEMBLY ANIMATION

Active Elements:

* Hexagonal modules based on silicon sensors in the high-radiation regions of the detector.
« Scintillating tiles with SiPM (Silicon Photo-Multiplier) readout in the lower radiation regions.

~30000 modules containing 620m? silicon sensors (8" hex wafers).
~4000 boards containing 370m? of scintillators.

~6M si channels ‘ ‘Cassette’ hosting silicon sensors. Both endcaps will have 660 cassettes in total

karol.rapacz@cern.ch || WA =
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https://www.youtube.com/watch?v=QRCXi-V1fbg&t=2s&ab_channel=CMSExperiment
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Typical detector development workflow

le+04

le+03
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le+01

Fluka simulations
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CAD workflow

feedback

SUBSYTEM DESIGNERS

\ 1. Take inputs from parameter model, drawings and tiling /

karol.rapacz@cern.ch

SUBSYTEM DESIGNERS

C
v

\ 2. Create detailed 3D design based on the inputs /

-

~

SUBSYTEM DESIGNERS
\ 5. Make production and Assembly drawings /

l feedback

If no discrepancies

ssseee————

CMS,. |
-

Documents

Photos

HGCAL Mechanics # EDITLINKS

Documents + 3D MODELS

(# new document or drag files here

All Documents = Finda e

# EDIT LINKS v ] Name

FERMILAB

LR

PARAMETER MODEL

TILING

- 07 May
. 08 May
w05 April

«+ 6daysago

Karol Rapacz
Karol Rapacz
Karol Rapacz

Karol Rapacz

.

SUBSYTEM DESIGNERS

3.Share 3D modelsin.stp on sharepointand

EDMS

</

HGCal INTEGRATION

4. Cross checkin the assembly model /
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4. Cross checkin the assembly model /
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* Location

* Size

* Weight

* Motion

* Tight
Envelopes

* Inputs

* Envelopes
Uncertainties

HGCAL
specific:

* CAD
Repositories
* Formats
Compatibility
* Files sizes
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Challenge

() CAD is not enough! Prototyping is still necessary counter:

* When feasible, CAD designs are always ., A [ pM support . ;== ,‘,‘\” * Location
verified using prototypes. prototype g ‘ Slze_

* Critical interfaces are examined at a 1:1 scale o ‘ We'_ght
and subjected to as realistic a manufacturing * Motion
process as possible. * Tight

* For other designs, only selected elements Envelopes
require prototyping to achieve full validation. . |Enput|5

¢ £nvelopes

* Depending on the requirements, prototypes L
Uncertainties

undergo various checks, including:

- Verification of the assembly process HGCAL

- metrology specific:

- load testing and comparison with FEM )

- thermal testing and comparison with FEM ‘ . CAD

- leak and pressure testing Wefgte support Repositories

(& protoype * Formats
Compatibility
* Filessizes

“” y |p
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W= &y
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”hl

Sy
\ \ Il

Sl

Co2 g : ‘
manifold P ., 2
prototype B P Absorber prototype
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Challenge

@) Services. Pain in the neck ... counter:

* Location

* Size

* Weight

* Motion

* Tight
Envelopes

* Inputs

* Envelopes
Uncertainties

* Generating detailed CAD models isn't always
practical, this applies especially to complex
cable routing
Mockups are usually the fastest and most
practical way to evaluate services layout and
routing

HGCAL
specific:

* CAD
Repositories
* Formats
Compatibility
* Filessizes
* Realistic
tolerances

* Machinibility
* Services
modelling

* Ergonomics

Services routing studies on cassette mockup ‘ ) c I g On-detector mockup studies

karol.rapacz@cern.c




Challenge

=) Even more down to earth mtegratlon tricks!

* Location

* Size

* Weight

* Motion

* Tight
Envelopes

* Inputs

* Envelopes
Uncertainties

Many interfaces are very difficult to model realistically

Already existing design might be 20+ years old and simply
doesn’t exist in CAD repository

Pictures or laser scans can be also used to compare CAD models
with actual state

Sometimes it's more practical to create simple mockups and
verify them on site

HGCAL
specific:

* CAD
Repositories
* Formats
Compatibility
* Filessizes
* Realistic
tolerances

* Machinibility
* Services
modelling

* Ergonomics
* Operations

. Bosch profile frame used to verify CO2
manifold envelops

. It was simply leftin cavern for months to

- see if anybody complains ©

karol.rapacz@cern.ch



Challenge

@ Suprises counter

* Location
» Complex operations can produce incidents * Size
* It's difficultto predicate user creativity * Weight
* Interfaces design should take into account out-of-the Q/i';’;'ton
box cases . ) ) Envelopes
* Keep your design as modular and flexbile as possible - Inputs
* Envelopes

Uncertainties

HGCAL
specific:

* CAD
Repositories
* Formats
Compatibility
* Filessizes
* Realistic
tolerances

* Machinibility
* Services
modelling

* Ergonomics
* Operations

karol.rapacz@cern.ch 22



2 Assembly logistics

» Don't rely only on heavy CAD 3D models
* Lightweight 2D sketches are very efficientto discuss
and solve problemsin fly

Challenge
counter:

|

* Location
* Size

* Weight

* Motion

* Tight
Envelopes
* Inputs

* Envelopes

karol.rapacz@cern.ch

Uncertainties

HGCAL
specific:

* CAD

Repositories
* Formats
Compatibility
* Filessizes

* Realistic
tolerances

* Machinibility
* Services
modelling

* Ergonomics
* Operations
* Space
requirements
* Dynamic
changes
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* Location
* Size

* Weight

* Motion

* Tight
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Uncertainties

HGCAL
specific:

* CAD

Repositories
* Formats
Compatibility
* Filessizes

* Realistic
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* Machinibility
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modelling
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requirements
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Complex integration
requirements




Prototyping

PIPE 2 View 1
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Conclusions BONUS!

2x 1.5h rapid prototyping workshops (1ston Monday, 2" on

: : o o : : : Tuesday)
» Dependingon the projectsize, investing in a dedicated integration +  3challenges
. . ) * 3 groupsof 8/9 people
engineer might be a very good idea. «  CAD, 3D printing and a lot of fun!

 Setting up a simple and clear CAD workflow and file exchange
system between collaboratorsis a must to avoid unnecessary
mistakes.

* Prototypingis essential; it doesn't need to be a high-end
prototype, though!

* If possible, always verify if what is built matches the inherited
documentation/design.

» Don't underestimate user innovation.

» Be considerate of your future colleagues and update your design if

some last-minute on-site modifications were made.

karol.rapacz@cern.ch
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