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Reminder of the FCC-ee MDI region
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The access challenge

Only access
available

Only access
available
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Reaching the end of the assembly from the extremity thanks to optical fibers
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» Optical fiber placed in a helix shape, separated in portion by semi-reflective 2 network of fibers

mirrors, which can be simultaneously and independently measured
» Helixes defined by their length, radius, step, number and position of portions

» Technology used : In-line multiplexed and distributed FSI measurement (in
development at CERN)
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https://iopscience.iop.org/article/10.1088/1361-6501/acc6e3



https://iopscience.iop.org/article/10.1088/1361-6501/acc6e3
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Establishing a reference to measure the final focusing quadrupoles

Fiber optic helix network
deformation simulations

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

Least square computation of
the deformation from the
measurements
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Measurement of the final focusing quadrupoles

Laser emitting ferrule

Article link


https://indico.slac.stanford.edu/event/9126/contributions/10284/attachments/4641/12596/Status%20of%20geodetic%20studies%20and%20alignment%20perspectives%20for%20the%20CERN%20FCC.pdf
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i Prototype implementing the fiber measurement and . . .
Latest and ongoing prototypes the Fglpmeas?urement gn reflector Ongoing *2 scale prototype being built

First prototype with helix fibers

Monitoring of the glue curing

Fiber section measurements

2107 Measurements performed by a single fiber fiber
1 Tube prototype measurement, measurements in fiber and on the glass bead
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https://indico.slac.stanford.edu/event/9126/contributions/10284/attachments/4641/12596/Status%20of%20geodetic%20studies%20and%20alignment%20perspectives%20for%20the%20CERN%20FCC.pdf
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. . Epoxy glued optical fiber for installation on low-
Recovering the data from the fibers beta quadrupole cryostat for HL-LHC
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All the information from the fibers will go through there.
Challenges due to conditions (space, temperature gradient, radiations,
vacuum ...) -> interface with fibers brazed or glued using epoxy.

(a) (b) (c) (¢) EO-BPM button assembled onto the body
Figure 2. (a) Optimized 3-step embedding technique with laser brazing, (b) setup with red light fault detector for coarse tuning of the

: 2 % 3 : . 2 A 3 Figure 3: Photos showing detail of the ceramic washer
embedding technique and (c) cross section cut of the embedded optical fiber in metal using laser brazing. gure S Sl g de =G C ¢

brazed to the EO-BPM body, mating interface to the button

Grandal, Tania, et al. "Laser brazing metallic embedding technique for fiber optic sensors." 2017 25th assembly and button assembled onto the body.
Optical Fiber Sensors Conference (OFS). IEEE, 2017. Bosman, M. Z. C., et al. "DESIGN AND DEPLOYMENT OF AN

IN-VACUUM ELECTRO-OPTIC BPM AT THE CERN SPS."



https://ieeexplore.ieee.org/stamp/stamp.jsp?tp=&arnumber=7960884
https://proceedings.ihep.ac.cn/ibic2024/pdf/TUP46.pdf
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External alignment system
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External alignment system proposition

Interferometric distance
measurement network

In parallel, currently looking at an
alignment monitoring system for the
inner tracker

0 v
0004 % Reference points

® Points with coordinates known
at 10 microns uncertainties
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External alignment system sensors

Collimator and Corner Cube retroreflector
Glass bead supports

Line of sight number will depend on the
latest requirements

Their position will depend on the
detector design

The system is versatile, lines of sight
can be easily moved if necessary
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To put to perspective : subdetector monitoring systems installed inside ATLAS
A2

2.3 mm
diameter

Cf. presentation
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Figure 2: The smallest barrel of the ATLAS SemiConductor Tracker. Silicon detector mod-

ules are robotically mounted onto the () 560 mm, 1.5m long carbon-fibre support cylinder.

Figure 1: Grid line Interferometer layout on SCT Barrel
flanges.

Gibson, S. M., et al. "Monitoring the heart of ATLAS using Frequency Scanning Interferometry.” Proceedings of the
Figure 3: An ATLAS FSI jewel, called a ‘scorpion’, is pre-aligned in a jig that replicates the Eighth International Workshop on Accelerator Alignment, CERN, Geneva. 2004.
layout of the ATLAS SCT barrel.



https://citeseerx.ist.psu.edu/document?repid=rep1&type=pdf&doi=beb125cf567dabead77c89db1c7be9b468013c87
https://cds.cern.ch/record/1291618/files/ATL-INDET-SLIDE-2010-293.pdf
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To put to perspective : subdetector monitoring systems installed inside ATLAS ATLAS SemiConductor
T o Trocker a7
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Gibson, S. M., et al. "First Data from the ATLAS Inner Detector FSI alignment system." proc. The

10th International Workshop on Accelerator Alignment, KEK, Tsukuba. 2008.



https://inspirehep.net/files/1caaf8b00a8ad206fd3639ff312642b5
https://cds.cern.ch/record/1291618/files/ATL-INDET-SLIDE-2010-293.pdf
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To put to perspective : subdetector monitoring systems installed inside ATLAS Lines of sight

device class type physical logical function

in-plane RASNIK 1984 1984  MDT deformation

MDT temperature TEMP 96 768 MDT expansion

in-bar RASNIK 176 352 bar deformation

bar temperature TEMP GO8  bar expansion

radial BCAM 96 256 bar deformation

polar BCAM 208 1856 bar-bar link

azimuthal BCAM 736 1472 bar-bar link

proximity RASNIK 2384 1192  MDT-bar and MDT-MDT link

laser source BCAM 584 2208 MDT-bar link

3D sensor BCAM 192 384  CSC-bar and CSC-CSC link

CSC temperature  TEMP 16 96 CSC electronics monitoring

total 6648 11176
Table 3: Classes of alignment devices in the endcap system (temperature sensors on MDT
chambers other than the Small Wheel and EML1/EMS1 ones are not read out by the LW-
DAQ system and have been omitted). The “physical devices” column lists the number of
LWDAQ devices; the “logical devices” column lists the number of acquired sensor images or
temperatures, respectively. The device classes and their functions are described in section 3.

Quad Source in
ear Position

BCAM in Laser
Calibration
Position

Roll Cage with
BCAM in First
Position

Amelung, Christoph, et al. "The Optical Alignment System of the ATLAS Muon Spectrometer

Endcaps.” ATL-MUON-PUB-2008-003 (2008).



https://www.opensourceinstruments.com/BCAM/BCAM.php
https://web.archive.org/web/20180728124058id_/http:/cds.cern.ch/record/1089861/files/muon-pub-2008-003.pdf
https://web.archive.org/web/20180728124058id_/http:/cds.cern.ch/record/1089861/files/muon-pub-2008-003.pdf
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External alignment perspectives

Could be interesting to link the alignment with the
alignments systems of the subdetectors.

Win/win situation as it would densify the alignment
network, making it more robust while also giving
precious information of subdetectors relative positions. It
will give also the information on the position before the
start of the collider, speeding up the initialization.

This link could be also very helpful for assembly and
opening procedures, providing a continuous monitoring
and validating the position.

FCC-ee MDI external alignment monitoring system

2000 MDI alignment system 7] Subdetector not linked to
o £ . the MDI alignment system
soah BN nternal alighment system
~4000 Subdetector linked to the
o000 External alighment system [ ] MDI alignment system

~6000 = 0. % Fuberarsam i Continuous measurement

2000 . poits partor s el = towards the MDI alignment

—4000 monitoring system network
o e system
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Thank you
for your attention



(O Fee 14/01/2025, FCC Physics workshop Léonard WATRELOT, BE-GM-HPA

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

Deformation monitoring
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More info on the FSI monitoring of the SCT in ATLAS
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Fox-Murphy, A. F., et al. "Frequency scanned
, interferometry (FSI): the basis of a survey system for
\ v ATLAS using fast automated remote interferometry." Coe, Paul Andrew. An Investigation of Frequency Scanning Interferometry for
si deg Nuclear Instruments and Methods in Physics the alignment of the ATLAS semiconductor tracker. Diss. University of Oxford
- Research Section A: Accelerators, Spectrometers, 2001
wa“d seepage groove Detectors and Associated Equipment 383.1 (1996):
229-237.

support structure


https://ora.ox.ac.uk/objects/uuid:6acabf17-c2f8-4f0c-a5c7-5bea30982b94/download_file?safe_filename=Coe_P_Dphil_thesis_2001.pdf&file_format=pdf&type_of_work=Thesis
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Summary of the FCC-ee MDI design
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