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Tracker Outer Barrel (TOB)

CMS TOB Cooling Pipe Connections, 18.5.2018, indico: 721360 A.Onnela

TOB

TOB, ~1/3 (15 kW) of the CMS silicon strip tracker

• 5208 detector modules (20 cm x 10 cm)

• on 688 “Rods” (1.2 m x 15 cm, ~20 W)

• on 6 layers in 1 Support Wheel (L 2.4 m, OD 2.3 m)

• in the middle of Tracker Support Tube, TST (L 6 m, D 2.5 m)

A ‘copy’, TB2S, now being designed for the Phase 2 upgrade.

Rods of layers 
6 and 5 installed 
when outside TST

Rods of layers 
4 to 1 installed 
when inside TST
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CMS Tracker Cooling

• Remove ~50 kW, maintain sensors at -10 °C

• Liquid-phase C6F14 

– Fluid temperature: +10 °C … -20 °C 

– Fluid pressure: Max 6 bar (max 2 bar for the first Pixel detector)

– Cooling plants on balconies of CMS Experimental cavern

• Since 2017 also two-phase CO2 cooling, for new Phase 1 upgrade Pixel detector.

• Materials used in the C6F14 cooling pipework (a lot of history…):
– Supply and return pipes: soft copper

• Brazed and soldered connections, double O-ring fittings at Tracker ends

– Thermal screen: Cold panels and connection pipes in aluminium

• Welded joints, compression fittings

– TOB: Copper-nickel pipes

• Brazed and soft soldered joints with connection pieces in brass

– TIB/TID: Aluminum pipes

• welded joints, compression fittings

– TEC: Titanium pipes in petals, manifolds in stainless steel

• welded joints, compression fittings

CMS TOB Cooling Pipe Connections, 18.5.2018, indico: 721360 A.Onnela

This presentation



4

TOB cooling circuitry

CMS TOB Cooling Pipe Connections, 18.5.2018, indico: 721360 A.Onnela

Layer 6: 
4 cooling segments
per end

2 pipes: Inlet and outlet 
manifolds side by side

22 cooling segments 
per end, 44 in total

688 Rods

• U-shape cooling pipe

• in 44 cooling segments 
with 11 to 22 Rods in parallel 
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The TOB Rod to manifold connection

CMS TOB Cooling Pipe Connections, 18.5.2018, indico: 721360 A.Onnela

The concept

http://cms-ul-tmb.web.cern.ch/CMS_TMB/PERSONAL/vanhala/Notes/TOB-00-6.pdf

Final TOB components Material, dimensions Manufacturer / Reference

Rod cooling pipes CuNi 70/30, seamless, drawn, ½ hard;
Diam. 2.2/2.0 and 2.5/2.3 mm

High Tech Tubes, UK

Connection pipes CuNi 70/30; Diam. 2.5/2.0 mm High Tech Tubes, UK

Manifold pipes CuNi 70/30; Diam. 6.0/5.6 mm High Tech Tubes, UK

Supply/return pipes Cu DHP, soft, EN 12449 CW 024A; Diam 10.0/9.0 mm

Connectors Brass, ISO 1637, CuZn39Pb3-HB Mansner, FI

Soft solder (+180 °C) Multicore SnPbAg 62/36/2 with core flux: ERSIN 362 CERN SCEM: 29.20.01.F

Brazing solder (+600 °C) Fontargent A306, CuZnAgCd 19/19/41/20
Flux: AGX UTP

CERN SCEM: 29.20.20.110.1
CERN SCEM 29.30.10.100.1

Soldered
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“TOB” solder in CERN stores (image: 16.5.2018)

CMS TOB Cooling Pipe Connections, 18.5.2018, indico: 721360 A.Onnela

“362” is a rosin activated flux
Data sheet in the spare slides.

Eutectic alloy tin-lead for reduced 
risk of embrittlement.

Silver added for strength 
(~ factor 2 increase).

With tensile strength 90 MPa in 
TOB-type soldered connections 
and with 2 mm pipes expect to 
resist ~500 bar pressures.
Such CuNi pipe with 0.1 mm wall 
resists ~380 bar.
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TOB solder joint sleeve in brass

Here a version for joining Ø 2.2 mm and Ø 2.5 mm pipes

• 0.05 mm nominal gap between pipe and sleeve

• Pipe stop in the middle

• End collars have multiple uses

 Provide contact surface and guide for soldering iron

 Improve heat distribution around the sleeve, 
without need to move soldering iron

 Provide surface area to apply solder

 Allow surface for a solder fillet to form

 Allow temporary connections to be made.

CMS TOB Cooling Pipe Connections, 18.5.2018, indico: 721360 A.Onnela
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Soldering connection pieces to Rod cooling pipes

CMS TOB Cooling Pipe Connections, 18.5.2018, indico: 721360 A.Onnela

Tip of the soldering iron machined to a concave shape for 
increased thermal contact area to the pipe and the brass piece
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Cooling pipe in the Rod structure

CMS TOB Cooling Pipe Connections, 18.5.2018, indico: 721360 A.Onnela
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Test phase connections WITHOUT soldering

Custom-made quick-connects

CMS TOB Cooling Pipe Connections, 18.5.2018, indico: 721360 A.Onnela



11

Manifolds and connection pipes

CMS TOB Cooling Pipe Connections, 18.5.2018, indico: 721360 A.Onnela

Solder 
connection

Solder connection

Brazed

Brazed
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Soldering the final connections

CMS TOB Cooling Pipe Connections, 18.5.2018, indico: 721360 A.Onnela

Soldering iron with fume extraction tip
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Soldering the final connections

CMS TOB Cooling Pipe Connections, 18.5.2018, indico: 721360 A.Onnela

~50% of the 
solder 
connections 
was done 
there

In total 4216 soft solder connections

In pipe production:

• 688 Rods x 2 connection pieces

In final detector assembly:

• 688 Rods x 2 connection pipes x 2 solder connections

• 44 supply + 44 return feed pipes
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Testing

CMS TOB Cooling Pipe Connections, 18.5.2018, indico: 721360 A.Onnela
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Some early-on proto tests

CMS TOB Cooling Pipe Connections, 18.5.2018, indico: 721360 A.Onnela

Thermal cycling down to -196C.

Followed by pressure (up to 20 bar) 
and helium leak testing 10-10 mbar*l/s

Samples cut to inspect solder joints
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Some early-on proto tests

CMS TOB Cooling Pipe Connections, 18.5.2018, indico: 721360 A.Onnela

• 3 broken in the brass connector
at wall-thickness discontinuity
and where no pipe / no solder

• 1 broken in the pipe 
in pre-deformed flat-round transition

• None broken in the solder itself
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High-pressure tests much later
(in view of possible CO2 use)

CMS TOB Cooling Pipe Connections, 18.5.2018, indico: 721360 A.Onnela

Jérôme DAGUIN, CERN

Expected burst pressure: 380 bar

Measured: 400 bar

• OD 2.2 mm, ID 2.0 mm CuNi pipe broken at 400 bar

• No leaks or visible damage in solder joints
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Testing during series production

1. Water bath test with 20 bar air pressure in the cooling pipe

2. Vacuum test with He at various stages of Rod assembly and after installed + soldered to the final manifolds.

3. Before final vacuum-He test the completed TOB cooling segment was pressurised to 15 bar. No pressure decay 
measurement, but a ‘stress-test’ followed by the He leak test.

CMS TOB Cooling Pipe Connections, 18.5.2018, indico: 721360 A.Onnela
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THE problem (with the pipes not with the solder)

CMS TOB Cooling Pipe Connections, 18.5.2018, indico: 721360 A.Onnela

“Bubble test” of bent and soldered rod pipes with water and 20 bar air
 850 pipes tested, 10% of them leaked !

Leaks never in the pipe bends or in the solder joints…!?
• The straight pipes were supposed to be pressure tested at the factory. 

Did they really test them and how (we should have checked!)
• If we would have known earlier would have taken action, but we learned this 

only gradually during the pipe production and finally the 90% yield was ok as 
we had enough of spare material.

• The probably cause of the leaks was analysed by Atlas people (studying use of 
70 um wall CuNi pipes) to be the grain size of the pipe wall material that 
created in the thin wall a local "hole". If the metal lattice grains are of the size 
of the pipe wall-thickness, such grain may get removed, creating a hole. The 
positions of the holes were in our case completely random, and none of them 
were in the few bends (the bends represent about 5% of the total pipe length).

• Heat-treatment, to reduce the grain size, may solve this problem.
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The problem reappearing

CMS TOB Cooling Pipe Connections, 18.5.2018, indico: 721360 A.Onnela

During later production steps He leak-detection, test in vacuum mode.

Alarm limit set at 10-8 mbarl/s (bubble-test at best ~10-5 mbarl/s).

Fortunately, only ~ 1% of pipes found now leaking, again always in the 
pipe wall, even if now with tighter test and after Rods gone through all 
production chain, thermal cycling, transports, etc. 

These leaks were repaired by soldering, to be He leak-tight.
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Experiences from the TOB

• Now 10 years of reliable operation, with about half of the time at -20 C coolant temperature.

• Copper-nickel + brass + soldered joints:

• Soldering, even in-situ in difficult conditions, works ok

• Need appropriate tools, methods and trained persons. Surfaces must be correctly prepared !

• Easy soldering yields also possibility to repair, and to make electrical connections (grounding)

• We had one real problem: quality of thin-wall CuNi pipes. Should be solvable, but remains to be proven 
(to me). Lesson: Watch the micro-structure and quality of the pipes (e.g. scratches in 0.1 mm wall could 
be a problem), not only the connections!

• Another worry: activation of silver (in solder). But in TOB only 5 g, much less than in the silver-plated 
aluminum cables

• Leak-testing

• Absolutely necessary, and must be thought and tried in advance before production 

• Bubble-test ok for coarse QC, but rather slow and operator dependent

• Happy with He –leak testing, in particular in vacuum mode: 
simple to use, high-precision (spot very small leak-sizes and precisely localize them)

• Is there future for soft solder also with higher pressures, with CO2?

• Strength for small (~2 mm pipes) is enough

• Creep data for many solders exists, but need to be further investigated under relevant load conditions

• To be further developed and studied if using other pipe materials (e.g. stainless steel or titanium).
CMS TOB Cooling Pipe Connections, 18.5.2018, indico: 721360 A.Onnela
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CO2 cooling tests on-going, using original TOB Rods

CMS TOB Cooling Pipe Connections, 18.5.2018, indico: 721360 A.Onnela

Thomas French, CERN

Adaptor soldered to Rod pipe to allow 
use of dismountable VCR coupling
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Spares

CMS TOB Cooling Pipe Connections, 18.5.2018, indico: 721360 A.Onnela
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Multicore ERSIN 362 flux

CMS TOB Cooling Pipe Connections, 18.5.2018, indico: 721360 A.Onnela
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Brass connectors

CMS TOB Cooling Pipe Connections, 18.5.2018, indico: 721360 A.Onnela
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Manifold connector

CMS TOB Cooling Pipe Connections, 18.5.2018, indico: 721360 A.Onnela
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Connection pipes

CMS TOB Cooling Pipe Connections, 18.5.2018, indico: 721360 A.Onnela
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Relevance of leaks?

CMS TOB Cooling Pipe Connections, 18.5.2018, indico: 721360 A.Onnela

• Losses of final cooling fluid C6F14 (PF-5060) are relevant both financially (~100 CHF/kg) and environmentally (global 
warming potential of about 7400 times higher than CO2).

• Correspondence between Helium leak and the leaks of the final cooling fluid studied using final type rod pipes with 
varying levels of measured leaks.

Erkki ANTTILA, Helsinki Institute of Physics
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Relevance of leaks?

CMS TOB Cooling Pipe Connections, 18.5.2018, indico: 721360 A.Onnela

Leak He vs. PF-5060
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[g/a] [ml/a]

> 10-3 mbarl/s 1870 1113

10-4 mbarl/s 105 63

4 x 10-5 mbarl/s 18 11

< 10-10 mbarl/s 8 5

Bubble-test can spot leaks down to 10-5 mbarl/s of He, i.e. to ~10 g/a of the final fluid PF-5060. 

With He testing (1000-100’000x more sensitive) drop to insignificant leak levels for fluid loss. 

But, even tiny leaks are signs of weak-spots, which can become problems in long-term operation.


