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Introduction

• The LHC accelerator
– 27 km of proton-proton beam
– 4 experiments

• The LHC inner triplets
– low β

 
quadrupoles for the final focus

– 3 on each side of the 4 experiments
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Alignment requirements

• Inside a triplet : 0.1mm at 1σ
• Collinearity :

– in z : 0.1 mm at 1 σ
– in x : 0.2 mm at 1 σ

 
for IP2, 8

– in x : 0.1 mm at 1 σ
 

for IP1, 5  = > Survey galleries
• Stability : several μm
• Permanent monitoring and remote alignment system

Experimental Area

Left inner triplet Right inner triplet

Q1 Q2 Q3 D1Q1Q2Q3D1

~ 50 m~ 40 m ~ 40 m

Tunnel areaTunnel area
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The sensors

• HLS for vertical and roll angle
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The sensors

• WPS for horizontal and vertical
• No monitoring in longitudinal
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The UPS galleries
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The sensors

• Electronics are far away from this radioactive 
area and cable are radiation hard

• Field bus chosen for data transmission
• All information relative to the sensors are stored 

in an official CERN database (MTF)
– Calibration
– Supporting and position of sensors
– Constant
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The sensors
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The sensors
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The sensors
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Commissioning

• In the field
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First results

• 5 triplets out of 8 are equipped
– Stabilisation of HLS for tilt adjustment 100 s within 1 
μm (micron)

– Stabilisation for the whole HLS network 10 min
– Electro Magnetic Interferences due to currents in 

neighboring magnets have an influence of 0.4 mm 
max (WPS)

– solution in process
• Add shielding around the cables of WPS
• Move away cables from magnets when possible
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Jacks and Motors

• Same jacks as the standards magnets from 
Indian collaboration but modified

• Motors and adaptors from Slovak company ZTS 
– 48 radial, 80 Vertical
– Easy to install/uninstall
– Characteristics also stored in the MTF database 

(type, serial number, reports)
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Motors

• Quality control
– All motors and adaptors tested individually
– Each couple motor/adaptor tested on a 15 t spare magnet

• Installation
– Once the alignment systems are installed
– Ethernet connection to display sensors value close to the magnet 

to be equipped
– Small movement of 0.1 mm max during installation
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Remote repositioning

• It is NOT an active repositioning
• The repositioning is decided by Physicists who 

calculate new magnet positions
• Values have to be transformed to displacements :

– At the level of the sensors
– At the level of the motors

• Displacements are carried out
• New measurements taken by sensors and new 

position calculated
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Remote repositioning
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PVSS

• PVSS is a supervision and data acquisition 
system 
– to connect hardware and software devices
– to acquire their data
– to monitor their behavior and operate them
– 3 modes

- Expert (for development and maintenance)
- Client (for physicists)
- Repositioning
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PVSS
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• to adjust the tilt
• to carry out the radial displacements
• to control the tilt and re-adjust the tilt if necessary
• to carry out the vertical displacements, knowing that the 

same displacements must be applied on the tilt jacks in 
order to keep the tilt adjusted.

• The repositioning will be performed within several 
iterations. The backlash on the jack being important 
(about 8°), the displacement must always be carried 
out keeping the same direction.

Repositioning strategy
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Data Processing

• All data stored in the LOGGING database for off- 
line analysis

• Calculation of the new position with LGC
– Creation of an LGC input file with :

• Theoretical data (SURVEY db)
• Measurements (PVSS)
• Sensors, calibration, position, constants (MTF db)

– LGC generates an ouput with the new deviations of the magnets
– The values are sent to PVSS in the « client » interface
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First results

• At the present time, the repositioning can be 
carried out on a local mode

• Repositioning is possible within a few μm
• HLS and WPS readings have good correlation 

after a stabilisation time
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Conclusions

• 5 out of 8 triplets are completely equipped with 
measuring and repositioning systems

• Both systems seem to meet their requirements
• Some EMI effects in the process to be solved
• The next pieces of the puzzle to be installed 

before end of April
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