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Why is this alignment difficult to do ?

ü Design (lot of components to measure, layered design, very little space, design not definitive)

ü Conditions (cryogenic temperature, radiations, magnetic fields)

ü Requirements (very tight alignment requirement, especially on Final Focusing Quadrupoles, 

BPM, Screening and Compensation solenoids, and LumiCal)

Misalignment tolerances include all possible error sources such as: manufacturing errors, assembly errors, deformation both during/after 

installation and during operation, magnetic field measurements, metrology measurement, reference network and alignment measurement, 

anticipated degradation in the alignment over time as a function of ground motion and other effects.

Experience from previous accelerator projects indicates that a reasonable assumption for the relative radial alignment precision can be 

derived by applying a factor 1/3.

Alignment tolerance at 30 µm => alignment precision required <10 µm

FFQ : Alignment tolerance 

at 30 µm + Monitoring

Screening solenoid : Alignment 

tolerance at ~100 µm + Monitoring

Compensation solenoid : 

Alignment tolerance at ~100 µm 

+ Monitoring

LumiCal

Alignment tolerance at 50 µm 

w.r.t. the IP (longitudinal)

+ Monitoring

No solution from other MDI
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Proposition of a strategy for the alignment and monitoring of the MDI

ü Alignment and monitoring system composed of :
Á External alignment system
Á Internal alignment system

QC1L QC1R

QC2L

QC2R

FCC-ee QC1

Design by M. Koratzinos

Internal alignment is very challenging !!!
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Optimal network : too much measurements, some (plenty) wont be possible.

Any update on the design would be much welcomed.

External alignment and monitoring system

Permanent network of interferometric

distance measurements based on 

Frequency Scanning Interferometry

(FSI).

Goals :

ÅMonitoring of the interface at the 

end of QC1

ÅMonitor the alignment between QC1 

and QC2.

ÅMonitor the alignment between the 

inner components and the 

experiment solenoid.

ÅMonitor the alignment between the 

two sides of the experiment.
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LumiCal

QC1L1

QC1L2

QC1L3

Screening solenoid

Compensation
solenoid

IP

Trapezoidal 
chamber

Central 
chamber

Cryostat shell

Cooling

Bellow

Assembly updated with the last design of the chamber and the last 

version of the components

3D view of IR

Courtesy F. Fransesini
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ü Goal : monitor the deformation extremely precisely over the length of the assembly

ü Create a network of points accurate enough so another system can measure from it 
onto the inner components

Seems not possible to 

cross or put a hole here for 

the monitoring system (and 

numerous holes would be 

required)

Internal alignment system

Interface
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ü Goal : monitor the deformation extremely precisely over the length of the assembly

ü Create a network of points accurate enough so another system can measure from it 
onto the inner components

Seems not possible to 

cross or put a hole here for 

the monitoring system (and 

numerous holes would be 

required)

So we need to take 

the long way from 

the extremity and 

create a stable 

reference

Internal alignment system

Interface
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ü Goal : monitor the deformation extremely precisely over the length of the assembly

ü Create a network of points accurate enough so another system can measure from it 
onto the inner components

Seems not possible to 

cross or put a hole here for 

the monitoring system (and 

numerous holes would be 

required)

Once we have a well monitored 

network, we can measure the 

objects inside

So we need to take 

the long way from 

the extremity and 

create a stable 

reference

Internal alignment system

Interface
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Internal alignment system

Design by M. Koratzinos

Deformation models

Cylinder of which the deformation is well known and from 

which we will measure the inner components

Measurement on the inner components

ü Goal : monitor the deformation extremely precisely ove the length of the assembly

ü Create a network of points accurate enough so another system can measure from it 
onto the inner components

ü Deformation monitoring system + distance measurement system

ü Measurement system waiting for design update.
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Deformation monitoring
https://iopscience.iop.org/article/10.1088/1361-6501/acc6e3

üOptical fiber placed in a helix shape, separated in portion by semi-reflective mirrors, which 

can be simultaneously and independently measured

üHelixes defined by their length, radius, step, number and position of portions

üTwo technology available for such measurements :

ÅSOFO (Surveillance dôOuvragepar Fibre Optique) (locked at a prototype state)

Å In-line multiplexed and distributed FSI measurement (in development at CERN)
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