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1. CLIC has stringent alignment requirements
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Requirement : 
• Pre-Alignment : ±14 m along 

a 200 m sliding window

How to 
achieve 

this?

70 m – an ‘average’ human 
hair

28 m – CLIC’s requirement 
over 200 m
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2. Sensors for the CLIC module
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Wire Positioning Sensor

Installed on an 
interface of 3 

spheres

Radial & vertical 
offsets to a 

stretched wire

Range 10 mm Precision 1 µm

Capacitive WPSOptical WPS

Carbon PEEK / Carbon PES wiresVectran-Silver wire

4 electrodes (2 per axis)2 CCD cameras

Linear and absolute calibration is required
Calibration of cameras provided by 

Brandeis University (OSI)
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cWPSoWPS Tilt meter

cWPS : 
• Precision : 1 m
• Accuracy : 5 m
• Rad-Hard (5 MGy)

oWPS: 
• Precision : 1 m
• Accuracy : 10 m
• Maximum 500 Gy

Tilt meter : 
• Precision : 3 rad
• Accuracy (1) : 60 rad
• Accuracy (2) : 10 rad
• Not Rad-Hard

2. Sensors for the CLIC module
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3. Estimated precision
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3. Estimated precision
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- Length of the girder 2 m
- Coordinate frame in the middle of the girder
- Sensors located 20 cm lower than the main axis
- 0.49 m between sensors in the radial direction
- Longitudinal distance between sensors 2 m

Simulations:

1. both with an accuracy of 5 µm (cWPS)

3. 1 tilt meter with an accuracy of 10 µrad 

2. the first with an accuracy of 5 µm (cWPS), 
the second with 10 µm (oWPS)

Precision

4. 1 tilt meter with an accuracy of 60 µrad
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2 wires:

1 wire (with cWPS):WPS WPStilt

WPS WPS

2 m
X - radial

Y - longitudinal

girder

The initial design
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Simulations:

5. both with an accuracy of 5 µm (cWPS)

7. 1 tilt meter with an accuracy of 10 µrad

6. the first with an accuracy of 5 µm (cWPS), 
the second with 10 µm (oWPS)

8. 1 tilt meter with an accuracy of 60 µrad
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3. Estimated precision
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- Length of the girder 2 m
- Coordinate frame in the middle of the girder
- Sensors located 20 cm lower than the main axis
- 0.49 m between sensors in the radial direction
- Longitudinal distance between sensors 2 m

Precision

X – radial, Z – vertical 

2 wires:

1 wire (with cWPS):WPS WPStilt

WPS WPS

2 m
1.2 m

girder

X - radial

Y - longitudinal

The current solution
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2 wires  
• Precision < 15 m
• 8 observations (each sensor gives 2 values)  
• 5 parameters to define (2 translations and 3 rotations of 

the girder)
• Difficult access between MB and DB girders – small 

distance, a lot of components which connect the two sides 

1 wire + tilt meter (10 rad)
• Precision < 14 m
• 5 observations (2 cWPS + angle from the tilt meter)
• 5 parameters to define
• No redundancy

1 wire + tilt meter (60 rad)
• Precision < 25 m
• 5 observations
• 5 parameters to define
• No redundancy

Shorter distance between sensors (-80 cm)

Lower precision of the axis’ position (+2 m)

3. Conclusion on estimated precision
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4. Configuration of the CLIC mock-up
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T0 #1 T0 #2 T1 DB

MB T0 #1 T0 #2 T1 

cWPS

oWPS

tilt meter

Z

In total:
- 6 girders 
- 16 cWPS
- 16 oWPS

- 2 tilt meters
- 4 temperature probes

- 27 actuators for moving the girders

‘snake’ 
configuration

articulation 
points
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X

Y

T0 #1 T0 #2 T1 DB

MB T0 #1 T0 #2 T1 

cWPS

oWPS

tilt meter

Z

‘snake’ 
configuration

Articulation 
point

In total:
- 6 girders 
- 16 cWPS
- 16 oWPS

- 2 tilt meters
- 4 temperature probes

- 27 actuators for moving the girders
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4. Configuration of the CLIC mock-up
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4. Active alignment – software
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Software
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Sensor list

Actuator list Metrology data

Laser tracker data

Position of the 
girders’ axes Sensors readout

DBM2_OUT_X DBM2_OUT_Y DBM2_OUT_Z DBM2_Ry DBM3_IN_X DBM3_IN_Y DBM3_IN_Z

-0.012 2000.101 -0.089 0.000263 -0.015 2010.152 -0.018

-0.012 2000.101 -0.089 0.000263 -0.015 2010.152 -0.017

-0.012 2000.101 -0.089 0.000263 -0.015 2010.152 -0.017

CMB11 Ux CMB11 Dx CMB11 Uy CMB11 Dy ODB1 Dx ODB1 Dy

5.4108 0.6074 6.0982 1.7615 36.7812 63.6624

5.4107 0.6073 6.0978 1.7612 36.7822 63.6619

5.4107 0.6073 6.0978 1.7612 36.7822 63.6619



4. Active alignment
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User interface with real-time indication of the beam position and the sensors
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4. Active alignment
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4. Active alignment response
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4. The results of active alignment
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4. Good stability of the mock-up
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Position of the DB girders during one month 
(07.12.2017 16:00 – 06.01.2018 08:00)
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5. CLEX / CLEAR
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Configuration based on two wires per girder with cWPS

Has already worked for several years in CLEX / CLEAR 
facilities

The girder can be repositioned to demanding positions 
during physics tests

No active alignment

Position of the girder 
has to be calculated by 
separate software
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6. Conclusion
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- Current solutions (with available sensors) can in two cases provide axis-precision 

below 14 µm: 2 wires with cWPS or 1 wire and tilt meter with an accuracy of 10 µrad

- At a fixed temperature of 20°C, the stability over 10 days is below 5 µm in the radial 

direction, while it is below 10 µm in the vertical position

- The software provides fast and precise alignment of the girders

- The implemented solution, tested in realistic conditions (CLEX / CLEAR), gives 

satisfying results

Thank you for your 
attention
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