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Phase-2 Upgrade of the CMS Outer Tracker
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1. BTL Tracker Support Tube (BTST)
2. Tracker Barrel with 2S modules (TB2S)
3. Tracker Barrel with PS modules (TBPS)
4. Tracker Endcap Double-Discs (TEDD)
5. Inner Tracker Supporting Tube (ITST)1
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EP DT involvement:
• Global integration design
• Design, manufacturing and QC of

mechanical parts and assemblies for
the TBPS and TB2S sub-detectors.
Examples shown in this presentation:
• TB2S cooling pipes
• TBPS rings



TB2S – CO2 cooling pipes

Overview

• 368 ladders for 3 layers of TB2S

• Cooling pipes assemblies to produce: 420

• Following development at EP-DT the stainless-steel pipe 
was replaced by Ti

1. Furnace vacuum brazing

• Soft annealed Ti grade 2 pipe OD2.3 ID2.0

• CuNi 70-30 sleeve

• Filler: Incusil 15 (61.5% Ag, 23.5% Cu and 15% In)

• Brazing temperature: 7300C

2. Soft soldering

• CuNi 70-30 pipe OD2.5 ID2.0

• Filler: Sn62Pb36Ag2 (RT15 1.5%)

• Melting temperature: 1790C

• Soldering iron temperature: 2300CTB2S cooling pipe

TB2S joint

TB2S ladder
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Nr8-S1
50x

5kx
Remaining Ti oxide

Pickling (Netinox) Scotch-Brite + Pickling (Netinox)

Min fill factor of 80%
TB2S pipes - Labeling
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TBPS

Tilted section overview 

• 3 layers

• 2*12 tilted rings per layer

• Modules per ring: 18 (L1), 26 (L2), 36 (L3)

• Radius ranging from 215mm to 626mm

• Total length of 2450mm

• Estimated mass of 200kg

EP DT involvement

• Design, manufacturing, production and QC of:

• TBPS global assembly design

• Design of the tilted section and their services

• Tilted ring structures

• Manufacturing jigs

• Assembly tools

• Assembly of the tilted section (loaded tilted rings)

• Assembly of the complete TBPS, together with Fermilab’s flat sections



Layer 1 structure – As an example
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Two tilted sections exactly the same and just rotated around y-axis



Tilted ring mechanics

1. Outer cooling plates/pipe
2. Sandwich ring
3. Inner cooling plates/pipe
4. Module positioning inserts
5. Cooling plate
6. Cooling adapter
7. Cooling pipe
8. Cooling pipe clamp
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Inner plate

Outer plate

Assembled ring

Gluing area: Cooling 
plate to adapter

Ring QC:

CMM

Ring QC:

Stiffness Ring QC:   
Grounding

Ring QC:

He and Pressure test

Ring production in b. 187



L1 47 adapters machined by DT

Previous machining company went bankrupt in summer 2023.
New production channels implemented:
• EP DT manufacturing L1 47
• RHP validated and ongoing orders: 156*L1 60, 218*L1 72, 200*L2 40, 224*L2 68 
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Critical component: Cooling adapters AlCF
Other types machined by RHP 

(Austria)

CERN validated:
• 22 * L1 60
• 30 * L2 68



Gluing of cooling plates to cooling adapters

link 11

Dispensing glue: Polytec EP 601-LvDispensing glue: Polytec EP 601-LvDispensing conductive glue: EPO-TEK 430

https://tbps-cms.web.cern.ch/chapter/62-gluing-cooling-adapters-cooling-plates


Tilted ring gluing jig

link 12

https://tbps-cms.web.cern.ch/chapter/83-gluing-cooling-pipes-cooling-plate-assembly
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L3 ring assembly

STEP 1 & 2 – Gluing of cooling pipe to cooling plates

STEP 1 & 2 STEP 3 – Gluing bare ring to 
cooling plates

STEP 4 – Final gluing

Objective: 100microns precision of module support



Ring QC

CMM Mass Stiffness Pressure
He leak

Grounding Thermal
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TBPS IntegrationTBPS tilted section stacking tool

TBPS support structure for insertion in barrel

1. ITST
2. Tilted sections (L1, L2)
3. Flat sections (L1, L2)
4. Tilted section L3 

1

2

23

4

TBPS tilted section rotation before integration 
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DT responsibility - acquired experience and have 2-3 months delay

DT responsibility

Institute responsibility

TBPS schedule – Version of January 2024

ID Group Task Start date End-date
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1 Prototype production (1*L1 47, 1* L2 68, 1* L3 40)

2 Pre- production (1*L1 47, 1* L2 68, 1* L3 40)

3 Production - 5* L1 47 5-Feb-24 29-Mar-24

4 Production - 10* L1 60 1-Apr-24 1-Jul-24

5 Production - 12* L1 72 2-Jul-24 21-Oct-24

6 Production - 9* L2 68 19-Feb-24 28-Jun-24

7 Production - 8* L2 40 1-Jul-24 11-Oct-24

8 Production - 10* L2 55 14-Oct-24 21-Feb-25

9 Production - 15* L3 44 22-Oct-24 3-Mar-25

10 Production - 12* L3 60 4-Mar-25 8-Sep-25

11 Tilted TBPS  mechanics Production (beams, balconies, interconnection rings, service supports, support panels, rails) 15-Jan-24 30-Jun-25

12 Production L1 stacking tool 1-Nov-23 28-Jun-24

13 Production L1, 2*L2, 3*L3 1-Nov-24 28-Nov-25

14 L1 service production 1-Jul-24 30-Oct-24

15 L2, L3 service production 3-Feb-25 1-Oct-25

16 L1 rings 1-12 2-Dec-24 30-May-25

17 L1 rings 13-24 2-Jun-25 31-Oct-25

18 L2 rings 1-12 3-Nov-25 15-Jan-26

19 L2 rings 13-24 16-Jan-26 31-Mar-26

20 L3 rings 1-12 1-Apr-26 30-Jun-26

21 L3 rings 13-24 1-Jul-26 30-Sep-26

22 L1 stack 1 16-Dec-24 11-Jul-25

23 L1 stack 2 28-Jul-25 28-Nov-25

24 L2 stack 1 10-Oct-25 12-Feb-26

25 L2 stack 2 24-Dec-25 28-Apr-26

26 L3 stack 1 25-Mar-26 28-Jul-26

27 L3 stack 2 25-Jun-26 28-Oct-26

28 ITST [Purdue] Delivery at CERN 1-May-25 1-May-25

29 L1 delivery at CERN 21-Apr-26 21-Apr-26

30 L2 delivery at CERN 28-Apr-26 28-Apr-26

31 L3 delivery at CERN 23-Dec-26 23-Dec-26

32 Central ITST and L1 integration 21-Apr-26 15-Jun-26

33 L2 added 16-Dec-19 10-Jan-20

34 L3 added 23-Dec-26 16-Feb-27

35 TBPS moved to cradle 17-Feb-27 23-Feb-27

36 Installation to TB2S 24-Feb-27 2-Mar-27

37 Pipe and cable connections 3-Mar-27 30-Mar-27

38 TBPS ready 24-May-27 24-May-27

Flat section [Fermilab]

Integration

Installation

Stacking of tilted sections

Tilted ring

Stacking tool

Services (cooling, optical, cable)

Equipped tilted rings arrival at CERN 

[INFN Pisa]
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Thanks!
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