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Overview

» The FCC-ee MDI situation
» External monitoring system
» Deformation monitoring system

» MDI alignment Mock up
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Reminder of the FCC-ee MDI region
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Old drawings but the main
problems are here, and may even

increase with the evolution of the

. Planned BPM locations i
Compensation solenoid 2 (not designed yet) design.

Cryostat In this presentation I'll mainly talk

about the alignment monitoring.

LumiCal
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The alignment monitoring of the MDI separated in two sub-challenges:

The complexity to link both sides of the MDI, as no line of sight will be available
between the two assemblies.

The complexity to monitor the position of the final focusing
quadrupole in such a long, narrow and crowded space.

Interface

Final focusing quadrupoles

Skeleton

oo
4 Screening solenoid

Beam pipe

‘ Cryostat
LumiCal

. . o Planned BPM locations
Compensation solenoid (not designed yet)
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First : the link between both sides of the detector
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First : the link between both sides of the detector

The only accessible part of the
assembly, that can be monitored
from outside of the detector
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First : the external alignment system

Interferometric distance
measurement network

0 .
000 *  Reference points

® Points with coordinates known
at 10 microns uncertainties
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External alignment system Hardware R&D
FSI long range validation
c_ampaign

Simulations
Collimator and Corner Cube

retroreflector

Permanent network of interferometric distance
measurements based on Frequency Scanning

Interferometry (FSI).
Multilateration over the network.

Gt

—6000 'z N |
—200048 ¥ Reference points

X 2000 —4000 i
{mm) 4000 000 ® Free points

cann

Optimal network : too much measurements, some (plenty) wont be possible.
Updates on the design are followed carefully. Thesis link



https://inspirehep.net/files/cb939b2a59622d639abe8ce41584e637
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Second: internal alignment system

Interface

ND‘N«(\).{’ o\
Screening solenoid

Beam pipe

Cryostat

LumicCal

) . ~ Planned BPM locations
Compensation solenoid . (not designed yet)
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Second: internal alignment system

» Goal : monitor the final focusing quadrupoles to around 30micron uncertainty

» Challenge : extremely bad configuration (long, narrow and crowded cylinder), and
no physical reference to stay precise.

Final focusing quadrupoles to be monitored


https://inspirehep.net/files/cb939b2a59622d639abe8ce41584e637
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Second: internal alignment system Deformation models

» Goal : monitor the final focusing quadrupoles to around 30micron uncertainty 2

» Challenge : extremely bad configuration (long, narrow and crowded cylinder), and
no physical reference to stay precise along that configuration

» Proposition : monitor the shape of the support of the screening solenoid (a
cylinder)

Cylinder of which the deformation is well known and from
which we will measure the inner components

Final focusing quadrupoles to be monitored


https://inspirehep.net/files/cb939b2a59622d639abe8ce41584e637
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Second: internal alignment system Deformation models

» Goal : monitor the final focusing quadrupoles to around 30micron uncertainty

» Challenge : extremely bad configuration (long, narrow and crowded cylinder), and
no physical reference to stay precise along that configuration

» Proposition : monitor the shape of the support of the screening solenoid (a
cylinder)

» And then measure from that known shape towards the final focusing quadrupoles

Cylinder of which the deformation is well known and from
which we will measure the inner components
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Measurement on the inner components

Final focusing quadrupoles to be monitored


https://inspirehep.net/files/cb939b2a59622d639abe8ce41584e637
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Deformation monitoring

Léonard WATRELOT, BE-GM-FP

> Qutboard = Strain gauge (SG)

¢ = Inclinometer (INC)
— FBG (FUR & FUF)
Forward

; INCs
Structural monitoring already exists in civil engineering and industry. s )

Multiple technologies can perform such measurements.

But there are only doing 1D measurements (discrete or distributed), while we

want top perform 3D deformation monitoring.

Wing kink _
__

Wing root

INCE—»#

Upper skin view

Sensing zone : FO
bonded on surface
or FO embedded
into the groove

Electrical resistant
/ strain gauge

Displacement transducer
) @vDm

S

Jacketed part of the
fiber (not bonded to (1| - - - - - T Leweno
the rebar) H =

Figure 4. Instrumentation details and test setup for uniaxial tensile testing of rebar


https://www.sciencedirect.com/science/article/pii/S2590123020300980
https://www.sciencedirect.com/science/article/pii/S2590123020300980
https://www.sciencedirect.com/science/article/pii/S2590123020300980
https://www.sciencedirect.com/science/article/pii/S2590123020300980
https://www.sciencedirect.com/science/article/pii/S2590123020300980
https://www.sciencedirect.com/science/article/pii/S2590123020300980
https://hal.science/hal-01213089/
https://hal.science/hal-01213089/
https://roctest.com/wp-content/uploads/2017/03/t01.pdf
https://roctest.com/wp-content/uploads/2017/03/t01.pdf
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Deformation monitoring

Existing solutions are not entirely adequate, so we investigated the FSI technology.

The Frequency Scanning Interferometry :

- Currently used to perform distance measurements in air

UGHT EMMISION POINT

FERRULE CYLINDER AXIS

Fiber ferrule tip Retroreflectors
~4% of the light is reflected back 6

\ O Retroreflector

Sweeping
laser
source

Optical fiber


https://www.spiedigitallibrary.org/conference-proceedings-of-spie/11102/111020L/Frequency-sweeping-interferometry-for-robust-and-reliable-distance-measurements-in/10.1117/12.2529157.short?SSO=1
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/11102/111020L/Frequency-sweeping-interferometry-for-robust-and-reliable-distance-measurements-in/10.1117/12.2529157.short?SSO=1
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/11102/111020L/Frequency-sweeping-interferometry-for-robust-and-reliable-distance-measurements-in/10.1117/12.2529157.short?SSO=1
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Deformation monitoring

Existing solutions are not entirely adequate, so we investigated the FSI technology.

|

The Frequency Scanning Interferometry :

- Currently used to perform distance measurements in air
- Based on a Michelson interferometer

FERRULE CYLINDER AXIS UGHT EMMISION POINT

Fiber ferrule tip
~4% of the light is reflected back

\ ~  Retroreflector

L
LRSS
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source . . Measurement interferometer arm
Optical fiber

Reference interferometer arm



https://www.spiedigitallibrary.org/conference-proceedings-of-spie/11102/111020L/Frequency-sweeping-interferometry-for-robust-and-reliable-distance-measurements-in/10.1117/12.2529157.short?SSO=1
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/11102/111020L/Frequency-sweeping-interferometry-for-robust-and-reliable-distance-measurements-in/10.1117/12.2529157.short?SSO=1
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/11102/111020L/Frequency-sweeping-interferometry-for-robust-and-reliable-distance-measurements-in/10.1117/12.2529157.short?SSO=1
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Deformation monitoring

Existing solutions are not entirely adequate, so we investigated the FSI technology.

The Frequency Scanning Interferometry :

- Currently used to perform distance measurements in air
- Based on a Michelson interferometer

- The sweeping of the laser frequency allows for an absolute distance RRULE ChINDER AXIS LIGHT EMMISION POINT
measurement

Fiber ferrule tip Retroreflectors
~4% of the light is reflected back 6

\ O Retroreflector
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laser
source

Optical fiber


https://www.spiedigitallibrary.org/conference-proceedings-of-spie/11102/111020L/Frequency-sweeping-interferometry-for-robust-and-reliable-distance-measurements-in/10.1117/12.2529157.short?SSO=1
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/11102/111020L/Frequency-sweeping-interferometry-for-robust-and-reliable-distance-measurements-in/10.1117/12.2529157.short?SSO=1
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/11102/111020L/Frequency-sweeping-interferometry-for-robust-and-reliable-distance-measurements-in/10.1117/12.2529157.short?SSO=1
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Deformation monitoring

Existing solutions are not entirely adequate, so we investigated the FSI technology.

|

The Frequency Scanning Interferometry :

- Currently used to perform distance measurements in air
- Based on a Michelson interferometer

- The sweeping of the laser frequency allows for an absolute distance AR ULE A INDER A LIGHT EMMISION POINT
measurement

- Capable of multi-target measurements (only condition is to have different

distances measured)

Fiber ferrule tip
~4% of the light is reflected back
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https://www.spiedigitallibrary.org/conference-proceedings-of-spie/11102/111020L/Frequency-sweeping-interferometry-for-robust-and-reliable-distance-measurements-in/10.1117/12.2529157.short?SSO=1
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/11102/111020L/Frequency-sweeping-interferometry-for-robust-and-reliable-distance-measurements-in/10.1117/12.2529157.short?SSO=1
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/11102/111020L/Frequency-sweeping-interferometry-for-robust-and-reliable-distance-measurements-in/10.1117/12.2529157.short?SSO=1
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Deformation monitoring Optical fiber

Existing solutions are not entirely adequate, so we investigated the FSI > NG
technology.

The Frequency Scanning Interferometry development: Measurement of an
optical fiber cavity

Fiber ferrule tip
Semi-reflective mirror ~4% of the light is reflected back

:

Sweeping f
laser

Optical fiber

source

Optical fiber
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Deformation monitoring Optical fiber

Existing solutions are not entirely adequate, so we investigated the FSI > NG
technology.

The Frequency Scanning Interferometry development: Measurement of an
optical fiber cavity

Fiber ferrule tip

Semi-reflective mirror ~4% of the light is reflected back
N
| | | u
Sweeping f \/
laser Optical fiber
source . '
Optical fiber

Distances must be different for the system to distinguish them


https://iopscience.iop.org/article/10.1088/1361-6501/acc6e3/pdf
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Deformation monitoring Optical fiber

The idea was to use the developed FSI to perform what we wanted: precise 3D AN R

deformation monitoring of a cylinder.

— i i 1

laser

source



https://iopscience.iop.org/article/10.1088/1361-6501/acc6e3/pdf
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Deformation monitoring Optical fiber

The idea was to use the developed FSI to perform what we wanted: precise 3D [N R
deformation monitoring of a cylinder. §

—
Sweeping f
laser

source

By gluing the fiber to the support in a helix shape it is possible to monitor the deformations.
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https://iopscience.iop.org/article/10.1088/1361-6501/acc6e3/pdf
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Deformation monitoring: “in-fiber” helix measurement

https://iopscience.iop.org/article/10.1088/1361-6501/acc6e3
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https://iopscience.iop.org/article/10.1088/1361-6501/acc6e3/pdf
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Deformation monitoring

https://iopscience.iop.org/article/10.1088/1361-6501/acc6e3
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Cylinder deformations
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Total : 3600 measurements and = 3 cm® space taken by

the sensing system in the assembly.

To be confirmed by a prototype
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https://iopscience.iop.org/article/10.1088/1361-6501/acc6e3
https://inspirehep.net/files/cb939b2a59622d639abe8ce41584e637
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Deformation monitoring

https://iopscience.iop.org/article/10.1088/1361-6501/acc6e3

While the in-air FSI measurement is clearly
established and starts to be widely used at
CERN ...

Current use of the FSI

Fiber ferrule tip
~ 4% of the light is reflected back _.*"

X ..~ Retroreflectors

; O
Sweeping
laser

source | Optical fiber

Example of a FSI head prototype measuring
on the cold mass from the cryostat

External reference

Vacuum
FSI head

... the In-Lined Multiplexed and Distributed
FSI measurement is only at its first prototypes.

Multiplexed measurements performed
for the FCC

Fiber ferrule tip
~ 4% of the light is reflected back .+~

.~ Retroreflectars

O
! O

Semi-reflective mirrors k

Sweeping
laser
source | Optical fiber

Thesis link

First prototype for the In-lined Multiplexed and
Distributed FSI (cf. article)
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|atest and Ongoing prototypes First prototype with helix fibers Prototype implementing the fiber measurement and
_ the FSI measurement on reflector

Sensor glued on an aluminum plate
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MDI alignment monitoring mock-up: design and goal

Stable support,
simulating the support
outside the detector

2m long plastic tube,
simulating the support
of the screening
solenoid on which the
fibers will be installed

Léonard WATRELOT, BE-GM-FP 19

6x Smaller plastic tubes
simulating the final
focusing quadrupoles

3D printed supports and
motorised kinematic
mounts for the
simulated final focusing
quadrupoles

Very precise movable
plate (Universal

Adjustement Platform)
to induce deformations



https://cds.cern.ch/record/2923141
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MDI alignment monitoring mock-up: first assembly

3D printed supports for the smaller cylinders

First assembly of the alignment monitoring mock-up.
UAP is being updated.
Initial deformation tests to be done using a dummy cylinder.
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MDI alignment monitoring mock-up: FSI heads preparation Calibration of all measuring heads

thanks to a calibration bench

/i

Preparation of FSI heads that will perform the classic “in-air” measurement
towards the final focusing quadrupoles.

Installation of the prisms and Gluing of the prisms, ready for
checking the measuring cone the calibration
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Thank you for your attention
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The EUCLID VIS Read-out Shutter Unit, which will operate in space

Re-adjustment system

> Interest of having a system able to move one or multiple element
without requiring to disassemble the entire QC1 ?

» Not necessary to be accurate at 10 ym, a system able to correct
major displacements ~0.2 mm to 1mm (due to transport, gravity
deformation, movement during cool down, intense magnetic fields
...) would be already extremely convenient.

» Not necessary to work at cryogenic temperatures
only at room temperature would be already extremely convenient.

» Not necessary to be able to work during the run of the machine,
during shut downs would be already extremely convenient.

A lot of possibilities are open, from the system working only at warm temperature allowing a re-adjustment to
the 0,1mm level of major components at the end of shut downs, to the system able to realign in real time and
during the run of the machine the cold components to the micrometer level.

Systems to work in these conditions exist, the difficulty is to quantify their advantage compared to a loss of
luminosity due to any misquantified misalignment value or to the need to dismount, disassemble, realign,
reassemble and remount the assembly.
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