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Disclaimer: 

concentrate on what we do at DESY 
the list ist not complete



LHC Timeline
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LHC (Run 1-3) until 2023 : 300fb-1, Luminosity 1-2 x 1034 cm-2s-1  

HL-LHC      starting 2026 : 3000fb-1, Luminosity 5-7,5 x 1034 cm-2s-1  
 ! ~10 times higher trigger- and background rates 
 ! ~10 times higher radiation damage  
Expect visible damage of the tracking detectors by end of Run 3 

! ATLAS and CMS need to build new Silicon-tracking-detectors for HL-LHC



ATLAS Detector:  Phase 2 Outer Silicon Tracker
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New ATLAS silicon tracker 
~165 m2 

~75M Channels 

 
End cap  : 6 disks 
5000 silicon-sensor-
modules
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 ATLAS Inner detector upgrade      

SUSY$mediated+ Higgs$mediated+

>  Current Si-strip detector (SCT) manages to 
!  measure until ~600 fb-1 are reached 
!  differentiate pile-up up to ~<60> events 
!  does not agree with HL-LHC parameters 

>  Strip-tracker upgrade targets: 

!  radiation hardness up to 3000 fb-1 resp. 2*1015 neq/cm2 

!  granularity about 4x finer than current SCT 

!  Track-Trigger, less material,… 

 

 

DESY contributes for end-cap 
 strip tracker 

EndOfStructure  
card (EoS) 

module 

Strip sensor 

Power board 
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ATLAS Silicon Strip Tracker
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CMS Outer Tracker: Phase 2 Layout
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Radius  ~ 110 cm  
Length  ~ 140 cm

6 barrel layers 
2x5 disks (Endcap) 

2 Module types : 
 double layer of silicon sensors 
 r > 60 cm: 2Strip (2S) 
 r < 60 cm: Pixel-Strip (PS)

Outer Tracker

 local pt-discrimination 
 providing L1 trigger input

PS            2S



CMS Outer Tracker: Phase 2  PS - Module components
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strip sensor 
(680 mW)

2 x 8 MPAs 
• Macro Pixel Asic 
• performs correlation and 

produces stubs 
• 3.0 W

2 x 8 strip chips 
(0.5 W)

power converter 
(2.0 W @ 70 % efficiency)

opto package 
(800 mW)

Concentrator 
(2 x 200 mW)

pixel sensor 
(680 mW)

10 cm x 4.6 cm

2.3 cm



CMS: TEDD Dee Prototyping
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CMS: Dee Prototype - Thermal Testing
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CMS: Ultrasonic Testing
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CMS: Generic R&D - CVD Carbon Foam
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CMS: TEDD Thermal Mockup
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CMS: Atmospheric Plasma System
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> clean and activate surfaces before 
glueing for better adhesion 

> No chamber needed 

> Our plasma device 

▪ RF-discharge 

▪ Helium as primary gas 

▪ Oxygen as secondary gas 

▪ 2 inches linear head   

Atomflo 400S



CMS: First Test on Wettability
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• Surface energy test with water drops 

• Better wettability in left samples
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untreatedtreated

CFRP

PVC

• Quantify: 

• apply water drop (defined amount) 

• measure contact angle 

• verify dependence on plasma treatment



CMS: Preliminary Contact Angle Measurement

untreated

treated
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> Drop size of 6µl distilled water applied on samples (CFRP) 
▪ Treated sample parameters: 180W, 4.5mm distance, several speed and scan values



CMS: Automated Module Assembly

15The LHC upgrades from a DTS perspective I 3rd annual MT meeting I  Doris Eckstein

Talk by J. Keaveney  
today morning



ATLAS: Thermal / Mechanical studies - Petal Prototype
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Both sides of TM Petal populated  

▪ TM modules built in Zeuthen, Petal assembly and 
test in Hamburg 

▪ Custom thermal chamber for automated IR 
measurements and core QC 

▪ First preliminary IR measurements, detailed tests 
ongoing
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− ◦ − ◦ ϵ =Petal cooled down at −20◦C (chiller), inlet cooling pipe at −6◦C, ε = 0.64 
Power on!: 10.5 V ; 2.40 A on both sides 

Petal

IR Camera

×



ATLAS: Preparation for Production - Blade construction
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Manufacture of first blades for new EC structure 

▪ Manufactured using standard commercial materials (availability and delivery time) 

▪ 2 blades finished, 2 ongoing, avg weight: ~ 107 g 

▪ Flatness measurements ongoing
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CMS: How to machine AlN 
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• spacers: 
• heat conduction 
• electrical conductivity 
• so far: AlCF used 
• alternative materials ?
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• Aluminium Nitride AlN  

• how to machine complicated structure 

• investigate sawing, drilling,             
microwaterjet cutting, losing, additive 
manufacturing 



ATLAS: Particle Response Studies:  Sensors with embedded pitch adapters
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Studies of irradiated sensor modules in X-ray beam  

• Collaboration with CNM to investigate alternative sensor layouts with second metal 
layer 

• Investigate impact of second metal layer on sensor performance (pick-up, cross-talk) 
as seen for similar sensors (e.g. LHCb Velo)
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Beam was pointed at sensor 
strip 44, but (smaller) signal in 
channel 39 indicates a signal 
picked up by channel 39’s 
second metal track

39

44



ATLAS: Particle Response Studies: Impact of sensor bond pads on strip response
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Measurements at Diamond Light Source 

• Study sensor strip response in a sensor region with bond pads 

• Micro-focused X-ray beam (2 x 3 μm) pointed at sensor, number of hits collected for 
constant number of triggers 

• Collected hits over a grid of (0.2 x 20 mm)
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ATLAS:Quality Check with SmartScope
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New CNC 670 SmartScope for mechanical QC of cores and petal components 

• Location of modules on core 

• Module-to-core glue thickness 

• Petal core flatness 

• C-channels thickness, planarity  



ATLAS: Generic R&D - Micro-channel cooling for silicon sensors
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ATLAS: Generic R&D - ATLAS Strip CMOS Program
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ATLAS: X/X0 Measurements
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Gold pad with thermal vias

Adhesive on honeycomb

Honeycomb support structure

Capacitors, resistors, solder

DESY testbeam: Measurements of radiation lengths

• Using beam telescope to determine X0 of

• Material with unknown radiation length (carbon foam, carbon fibre sheets)

• Petal-like structure (silicon strip module on mechanical support structure)



ATLAS: X/X0 Measurements
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Capacitors, resistors, solder

Gold pad with thermal vias

Adhesive on honeycomb

Honeycomb support structure
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DESY testbeam: Measurements of radiation lengths

• Using beam telescope to determine X0 of

• Material with unknown radiation length (carbon foam, carbon fibre sheets)

• Petal-like structure (silicon strip module on mechanical support structure)



Summary
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• ATLAS and CMS groups are preparing for the production 

• While moving towards production: ample opportunity for R&D useful also for 
other projects 

• Glueing studies, diagnostics tools, highly integrated structures, automation, 
matching, and the like are common to many projects  

—> share knowledge
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CMS Outer Tracker: Phase 2  Module Concept
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CMS Detector:  Phase 2 Upgrades
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The Phase-II Inner Tracker (ITk) of ATLAS

29 Nov 2016 S. Díez Cornell, DAF resource planning meeting (ATLAS)

! Replacement of ATLAS inner detector (pixel, SCT, TRT) by an all-silicon tracker
" Baseline (shown below) covers up to η = 3.2 on the pixel region, with a  minimum of 9 hits 

! 5 barrel pixel layers, 16 endcap pixel “layers”
! 4 barrel strip cylinders

" Short strips and long strips modules
! 6 endcap strips disks per endcap

" 9 types of modules, of varying pitches and length
! DESY is building one of the strip endcaps

strips

pixels

services

Pixel barrel Pixel endcap

Strips barrel Strips endcap

~ 21000 modules 
required for the 

strip tracker

2


