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Outline

 Alignment monitoring systems (FSI, BCAM, Laser Tracker)

 Results at ambient T, P (Cryomodule OPEN)

 Results under vacuum

 Cooling down / Warm up

 Results at 4K

 Simulation vs measurements (thermal contraction)

 Conclusion
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FSI alignment strategy
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BCAM alignment strategy
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Laser Tracker alignment strategy
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hole
Oblong hole

TANK 1
TANK 2

Sting line Assembly

(at 2K)
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∆𝑍 = −535 𝑚𝑚
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1.097 0.678
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Nominal position of the cavities
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1.097

0.678 1.097
0.678

Nominal position of the cavities
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Differences between :

• Laser Tracker measurements

• FSI measurements

• BCAM measurements

• +/- 35 µm

Ambient conditions (T°, P)
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Differences between :

• FSI measurements

• BCAM measurements

Under vacuum

• +/- 50 µm
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• 30 Nov ½  07 Dec ½ : Cooling down of the Cavities to 4 K (Thermal shielding : 50 K)

• 07 Dec ½  11 Dec ½ : Warming up to 300 K

• 11 Dec ½  13 Dec ½ : Cooling down of the Cavities to 4 K (Thermal shielding : 50 K)

Cooling down / Warm up

• Repeatability (Cooling down / Warm up) : +/- 10 µm 
Vivien RUDE



12

Cooling down / Warm up
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Condition : 4 K

• Alignement between the 2 cavities : Radius = 0.13 mm
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Theoretical :

1.097 mm

1.321  TANK 1

1.295  TANK 2

Theoretical : 

0.678 mm

0.843  TANK 1

0.832  TANK 2

+19% +23%

Thermal contraction 

(simulation vs measurements)
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Conclusion

 FSI, BCAM and Laser Tracker measurements are coherent (+/- 60 µm)

 Cooling down / Warm up : 2 cycles  Repeatability below 10 µm

 Thermal contraction : Difference between measurements and simulation : + 21%

 Distance to nominal position : 400 µm

 2 K : the position of 2 cavities include in cylinder with a radius of 130 µm
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Thank you for your attention
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SPARE
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Differences between :

• FSI measurements

• BCAM measurements
• +/- 60 µm

Condition : 4 K
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