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“Forums on Tracking Detector Mechanics”, why?

To bring together engineers, technicians and physicists working on the unique 
combination of requirements set on mechanics of tracking detector system:

• High-precision measurement of tracks
• < 10 um level stability in multi-meter sized detectors

• Hermetic to tracks
• ‘Closed’ onion-like geometry

• Very low mass (X0)
• Minimise interaction with particles

• Radiation hard
• Closest to the interaction points

• High heat load
• A lot of channels  high power density per volume and per mass

• Often low temperature for improved radiation hardness
• Below dew point = low enough to be quite problematic

• Long-term reliability
• No, or at best limited, access for maintenance.

• Designed and constructed in multiple sites  transports

Such events – for people from different experiments and institutes and also from 
outside HEP field (including companies)  – did not exist, until 2012.
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Forums on Tracking Detector Mechanics

2012, CERN
http://indico.cern.ch/event/Forum_on_Tracking_Detector_Mechanics

2013, Oxford (UK)
http://www.physics.ox.ac.uk/forum2013/index.asp

2014, DESY (DE)
http://forum2014.desy.de/

2015, NIKHEF (NL)
http://forum2015.nikhef.nl

2016, Bonn (DE)
http://www.forumbonn.org/
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Forum 2016

• ~2.5 days

• Format: Presentation 30 min + discussion 15 min. Works well.

• 26 talks
• 3 industry talks

• 8 talks on non-CERN activities

• 45 proposals for talks
• First Forum with substantially more proposals than available slots.

• Several proposals postponed/declined.

• But also many combined talks – beneficial!
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Topics

• Mechanical design, advanced materials and construction technologies

• Thermal management and cooling

• Humidity control, monitoring and sealing

• Installation, integration, disassembly and transportation

• Stability, alignment and adjustment systems; Requirements for future

• Quality control, failure and service management

• Radiation effects on materials and handling of irradiated structures

• Structural and vibration analyses/measurements
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Proposals (especially on alignment) received, but finally not fitting in the agenda 
 Organise specific event on alignment results/experience and future requirements, with participation 

expanded more to physicists? 
In autumn 2016 at CERN?

 Consider for Forum 2017 specific themes on “Manufacturing/production phase” (e.g. current ALICE, LHCb
upgrades), “Operational experience from existing Trackers”

 covered in Forum 2016



Highlights on Mechanics
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“Stave” concept widely used (Atlas, LHCb, CMS, …)
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Mechanics and Construction of the LHCb Upstream Tracker Detector, Ray Mountain

High-conductivity 
carbon-fibre/ 
polymer skins

LHCb UT



Staves and Disks
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CMS Phase 2 Outer Tracker Central Barrel 
Upgrade, Kamil Cichy, Chi Meng Lei

CMS Tracker 
Upgrade

Prototyping and R&D for the CMS Phase 2 
Outer Tracker End Caps, Andreas Mussgiller

Atlas Tracker Upgrade

Module support structures and thermo-mechanical prototypes for 
the endcap of the ATLAS strips tracker, Sergio Díez Cornell 



Long structures – more 3D
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Developments on the mechanics and cooling for the CLIC 
tracking detectors, Szymon Sroka

CLIC / ALICE

ATLAS Upgrade Pixels

A Verified Thermo-Mechanical Prototype and Model for Integrated 
Local Supports in the ATLAS ITk Pixel Detector Upgrade, Neal Hartman



Manufacture to high final precision
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A Verified Thermo-Mechanical Prototype and Model for Integrated 
Local Supports in the ATLAS ITk Pixel Detector Upgrade, Neal Hartman



Further long structure alternatives
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Lightweight support structures and 
thermal management materials for 
silicon tracker detectors featuring 
tilted modules, Diego Alvarez Feito

ATLAS ITK, etc.

Self-mass ~40 g/m

Supports at 1 m
Up to 2 kg loads
 0.3 mm displ.



Tilted geometry
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CMS Phase 2 Outer Tracker Central 
Barrel Upgrade, Kamil Cichy

CMS Tracker Upgrade ATLAS Tracker Upgrade

Lightweight support structures and 
thermal management materials for 
silicon tracker detectors featuring 
tilted modules, Diego Alvarez Feito



Tilted geometries
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Tilted geometries
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Tilted geometries
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CMS TBPS



From physics layout model to 3D CAD
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CMS Phase 2 Outer Tracker Central Barrel Upgrade, Kamil Cichy



Module mounted with phase-change adhesive
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Mechanics and Construction of the LHCb Upstream Tracker Detector, Ray Mountain

LHCb UT



Phase-change Thermal Interface Materials

Highlights from 2016 Forum on Tracking Detector Mechanics / Onnela, Verlaat 19



TIM handling and radiation resistance
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Characterisation of structures in composite materials
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Laser doppler vibratometry

Vibration issues on particle detector components during transport 
and in operation – Experimental approach, Michael Guinchard

The ATLAS Phase-II Upgrade Endcap Pixel Detector Support 
Structures, J.Pater & P.Sutcliffe



Better understanding of vibration loads
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Vibration issues on particle detector components during transport 
and in operation – Experimental approach, Michael Guinchard

Continuous “ground” vibration at 3 Hz with 0.1 um 
amplitude measured inside Atlas detector



Preparing CFRPs for adhesive bonding
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Methods
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Pretreatment of CFRP for improved adhesive bonding performance, 
Joerg Ihde / Fraunhofer institute



Vacuum blasting
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Or avoid surface treatment completely?
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New applications for CFRPs
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Carbon Fibre Reinforced Polymers in High-End Applications – Potentials and Limitations, 
Fabian Preller, INVENT GmbH



New applications for CFRPs
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Carbon Fibre Reinforced Polymers in High-End Applications – Potentials and Limitations, 
Fabian Preller, INVENT GmbH



Highlights on Cooling
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Cool talks at the forum
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Cooling 
related talks

28%

Cooling issues 
discussed 

29%

Other subjects
43%

How cool are the forum talks? 

Cooling related talks Cooling issues discussed Other subjects

69%

6%

13%

6%

6%

Cooling fluids used

CO2 Water Air Glycol 3M HFE 7100 (Hydrofluoroether)

The average cooling temperature of the presented talks: -16.3°C

12 8

8



Thermal/ mechanical integrated structures (1)
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A Verified Thermo-Mechanical Prototype and Model for Integrated 
Local Supports in the ATLAS ITk Pixel Detector Upgrade, Neil Hartman

Pixel module

Pixel module

Outer facesheet

Carbon foam

Flange

Web

Cable

Close-out

Outer coolant tube

Inner facesheet

Inner coolant tube

Cable

3
8

 m
m

Alternating 4x2 and 

4x4 Ibeams

4x2 Ibeams 16x

IBL Carbon stave with cooling pipe

The full support structure is 
used as a thermal conductor 
to the integrated cooling pipe

ATLAS Phase2 Pixel

ATLAS IBL

Commissioning and operational experience of the 
ATLAS IBL CO2 cooling system, Bart Verlaat, CERN



Thermal/ Mechanical integrated structures (2)
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SENSOR

~3.5 
mm
thick

ASICs

EXTERIOR 
(FULL-LOADED 
STAVE)

INTERIOR
(BARE STAVE)

COOLING TUBE
“SNAKE”-SHAPED

(displaced for clarity)

FOAM (STRUCTURAL)

FOAM (THERMAL)

99.5 mm wide
~1640 mm long

~8 mm thick

BEAMPIPE
CUTOUT

CARBON FIBER 
SHEETS

(BOTH FRONT AND 
BACK)

HYBRID-FLEX

DATA-FLEX

Low density, carbon fiber-based structural honeycomb (YSH50A-75 
+EX-1515 (1/4), 0.048 g/cm3)

Graphite thermal foam (Allcomp K9, 
0.23 g/cm3, K= 30 W/km) 

ATLAS pixel endcap upgrade, Jo Pater

Module support structures and thermo-mechanical 
prototypes for the endcap of the ATLAS strips 
tracker, Sergio Cornell

Mechanics and Construction of the LHCb Upstream Tracker Detector, Ray Mountain

ATLAS Phase2 Strip EC

ATLAS Phase2 Pixel EC

LHCb UT



Partial separation of cooling and structure
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Prototyping and R&D for the CMS Phase 2 Outer 
Tracker End Caps, Andreas Mussgiller

CMS Phase 2 Outer Tracker Central Barrel Upgrade, Kamil Cichy

CMS Phase 2 Tracker EC

CMS Phase 2 
Tracker barrel



Full separation of cooling and structure
(Bring the tube to the sensor, it is a CO2 cooling pipe after all)
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ATLAS Phase2 Pixel
SLIM concept

Lightweight support structures and thermal management materials for 
silicon tracker detectors featuring tilted modules, Diego Alvarez Feito

Base Block 

(Isographite; Al-Diamond) Machined groove 

for pipe

Module assembly

Phase change material 

or loaded epoxyGap filler or phase-change material
Cooling Line

CFRP Support 

(Bonded to longeron)

• Significant improvement in thermal performance

SLIM Module Cells: Alternative Solution I

Qsensor=0.7 W∙cm-2
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Al-Diamond block

Backing 

Material

Conductive TFM 

( C∙W-1∙cm-2)

Mass* 

(g)

Al-Diamond 5.2 3.0

Iso-graphite 7.0 2.5

* Mass includes silicon sensor (350µm thick) but not the CFRP support

ATLAS Phase2 Pixel

ATLAS IBL TFoM=13 K*cm2*W-1

3D

Planar

5

10
15

ATLAS IBL & Ibeam pixel

ATLAS SLIM



Alternative cooling solutions
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Micro-channel cooling for silicon detectors, Miguel-Angel Villarejo Bermudez

Thermal test and monitoring of 
Belle II vertex detector, Hua Ye

KeK Belle-2 PXD

AIDA-2020 Depfet



Air cooling solutions for low  power CMOS, MAPS and Depfet
sensors
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Developments on the mechanics and cooling for the CLIC tracking 
detectors, Szymon Sroka

The STAR PXL detector cooling system, Eric Anderssen

CLIC-TD

STAR PXL



Reliable cooling connections for high pressure CO2
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Super small connector (VCR like)

M3.5

Mechanics and Construction of the LHCb
Upstream Tracker Detector, Ray Mountain

Laser Welding of the CMS FPIX Phase 1 Upgrade Cooling Pipes, Stephanie Timpone

Titanium to SS brazing



Welding SS tubes
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A very nice material science lesson by 
Stephanie Timpone about hot cracking

Laser Welding of the CMS FPIX Phase 1 Upgrade Cooling Pipes, Stephanie Timpone



CO2 Cooling system commissioning
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CMS-Pixel Phase 1 Upgrade

Atlas IBL

Commissioning and operational experience of the ATLAS IBL CO2 cooling system, Bart Verlaat

The CMS PIXEL Phase 1 CO2 cooling system: Commissioning and operation of a large scale CO2, Jerome Daguin



ATLAS IBL cooling results
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Saturation temperatures (IBL pow er=off)
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Commissioning and operational experience of 
the ATLAS IBL CO2 cooling system, Bart Verlaat



CMS-Pixel Cooling results
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Manifold inlet temp
Manifold outlet temp
Pump discharge temp
Pump suction temp

Accumulator saturation temp
Manifold DL heater1 power
Manifold DL heater2 power
Mass flow

FPIX system

11 kW

7 kW

-23 °C setpoint

-28 °C setpoint
-32 °C setpoint

+ 5 °C SETPOINT -25 °C 
SETPOINT

Plant OFF

PP1 bypasses
temperatures

Vacuum jacket 
temperatures
(near junction

boxes) 

Min temp = 7.8 °C

Sector +14

First large CO2 cooling system (11 kW)

The CMS PIXEL Phase 1 CO2 cooling system: 
Commissioning and operation of a large scale CO2, Jerome Daguin

The vacuum insulated transfer lines for CMS CO2 cooling: 
performances and lessons learnt, Paola Tropea



Mobile CO2 unit development
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Mono-Block Concept
(Hydraulics style)

Transportable Refrigeration Apparatus for CO2 Investigation 

TRACI
Mono-block Approach for Refrigeration 

Transportable Apparatus 

MARTA

Cracow University 
of Technology

Commercialization of a mobile CO2

unit by an Industrial consortium

Refrigeration

Hydraulics

Knowledge



Summary

• The Forum on Tracking Detector Mechanics 2016 held in Bonn was a 
success

• Lots of interesting talks related to mechanics and thermal challenges 
were presented

• We would like to thanks the organizers of the forum for the perfect 
organization.

Questions?
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