(O Fce 25/10/2022, FCC-EIC workshop 2022 Léonard WATRELOT, PhD student, BE-GM-HPA

MACHINE DETECTOR INTERFACE
ALIGNMENT SYSTEM UPDATE

Léonard WATRELOT
PhD student, CERN BE-GM-HPA, SMI, CNAM (Conservatoire National des Arts et/Meétiers)

Mark JONES (CERN), Mateusz SOSIN (CERN) and Stéphane DURAND (GeF, CNAM)



(O Fee 25/10/2022, FCC-EIC workshop 2022 Léonard WATRELOT, PhD student, BE-GM-HPA

Table of content

- Reminder of the current design
- Alignment requirements

- Similar MDI situation

- Limit of existing sensors

- Alignment strategy proposal

- External alignment monitoring system Screening solenoid
- Internal alignment monitoring system

- Parenthesis about the position
monitoring of BPMs

- Proposed procedure
- Thoughts about a re-adjustment system Compensation

- Thought about the coupling with sub- solenoid support
detector monitoring systems

- Document gathering the alignment data

Skeleton
Screning solenoid

support

Compensation solenoid

LumicCal QC1R3e

QC1R1p QC1RZp

QC1R1e QC1R2e
Beam pipe



(O Fee 25/10/2022, FCC-EIC workshop 2022

Léonard WATRELOT, PhD student, BE-GM-HPA

Current design
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Cryostat Screening solenoid

Forward curﬁponents
(BPM, HOM absorber ?, ...)

» Elegant but complex design, with a supporting skeleton and a

skin like cryostat

» Harsh conditions inside the cryostat : cryogenic temperatures,

magnetic fields, radiations

» Extremely dense design and difficult (or even no) access

» Alignment requirements very stringent

Screening solenoid

Skeleton
Screning solenoid

support

Compensation solenoid

Compensation
solenoid support

LumiCal

QC1R1p

QCI1R1e QC1R2e
Beam pipe

Central support for the LumiCals

Stefano Lauciani, Francesco Fransesini,
Mechanical Model of IR and of IR vacuum
Chamber, 11/07/2022, MDI meeting
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MDI alignment requirements

Most of project colliders require to have their final accelerator elements precisely monitored (and some also
require re-adjustment systems) :

HL-LHC : alignment of the Low-Beta quadrupoles to 0,1 mm level and remote re-adjustement system
CLIC : alignment of QDO to ~20 ym with monitoring and a re-adjustment system.
ILC : Alignment and monitoring of QDO to ~20 uym
CEPC : alignment and monitoring to <30 ym and re-adjustment system

YV VY

Support system of SC magnets

m Support system of SC magnets
e The alignment accuracy of SC magnets: <30 pm, at least <50 um
» Movement mechanism: high precision track & rack.

* Adjusting mechanism: motor driven wedges jacks for vertical direction,
motor driven screw jacks

¢) new HL-LHC baseline

Herty, Andreas, et al. "HL-LHC Full Remote Alignment Study.” 10th Int. Particle
Accelerator Conf.(IPAC'19), Melbourne, Australia, 19-24 May 2019. JACOW
Adjusting Publishing, Geneva, Switzerland, 2019.
mechanism
The /nf(_)rmat/on obz_‘a/ned by [thg alignment monl_toru_'lg] system is then used to
actively intervene with the pre-alignment mechanics installed under the support
Movement

tube retaining bracket (see Figure 11.14) in the tunnel. This function is provided
) by a 5 degrees-of-freedom mechanical system based on excentrical cams and
i SRR stepper motors, with 8 um precision in all directions.”

mechanism

Haijing Wang « Integration Design in the CEPC interaction
Region" IHEP, «The 2019 International Workshop on High Energy
Circular Electron Positron Collider, November 18-20 2019

Linssen, Lucie, et al. "Physics and detectors at CLIC: CLIC conceptual design
report." arXiv preprint arXiv:1202.5940 (2012).
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Alignment requirements known so far

(most stringent shown here)
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Alignment requirements known so far

(most stringent shown here)
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Alignment requirements known so far

(most stringent shown here)

Screening solenoid : Alignment
tolerance at ~100 pm + Monitoring
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Alignment requirements known so far

(most stringent shown here)

Screening solenoid : Alignment
tolerance at ~100 pm + Monitoring
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Alignment requirements known so far

(most stringent shown here)

Screening solenoid : Alignment
tolerance at ~100 pm + Monitoring

_ _ Screening solenoid
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+ Monitoring
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Similar existing MDIs
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Can existing sensors do the job ?

Gayde, J-Ch, and Kamugasa, S.,
"Evaluation of Frequency Scanning
Interferometer Performances for
Surveying, Alignment and Monitoring
of Physics Instrumentation." (201
WEPAF069.

Cryomodule

Target
ii?f"?‘.l ‘ C

From BCAM2

HIE-ISOLDE alignment
2012.

\e atus, J.-C. Gayde
(\‘5b
e (‘5

Hydrostatic Leveling System (HLS (@e Posmonln ASensor (WPS)

M. Sosin, A. Herty, J. Rutkowski on !
behalf of GM-HPA Team

WP15.4 Sensor review, 2021.07.06

» Underlined by the absence of solution for the
CLIC and ILC projects
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Alignment strategy proposal

» Alignment monitoring system
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Alignment strategy proposal

» Alignment monitoring system
» Internal alignment monitoring system

Interface

Interface

Artist view
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Alignment strategy proposal

» Alignment monitoring system
» Internal alignment monitoring system
» External alignment monitoring system

Artist view
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External alignment monitoring system
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Optimal network : too much measurements, some (plenty) wont be possible.
Any update on the design would be much welcomed.
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Gayde, J-Ch, and Kamugasa, S., "Evaluation of Frequency
Scanning Interferometer Performances for Surveying,
Alignment and Monitoring of Physics Instrumentation.”
(2018): WEPAF069.

External alignment and monitoring system

A

Python

++

Logiciel Général de Compensation

Extremely dense network and intense use of the
multitarget FSI, studied at CERN.

1 ExpL 25

fd N :
'.‘-

LY

It allows redundancy and control, helping to reach the
wanted accuracy.

ExpL_100

AW AL A

External monitoring system have been put aside for now, waiting for updates and a more realistic design (which would allow us to
share precisions).
Software ready to be updated, with any progress of the design.
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Internal alignment system

» Goal : measure inner components with high accuracy

Interface

Screening solenoid

T. Lefevre — FCC-EIC MDI
workshop - 18/10/2022
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Internal alignment system

» Goal : measure inner components with high accuracy

Interface

Seems not possible to
cross or put a hole here for Screening solenoid
the monitoring system (and
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T. Lefevre — FCC-EIC MDI
workshop - 18/10/2022
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Internal alignment system

» Goal : measure inner components with high accuracy

» Create a network of points accurate enough so another system can measure from it

\ »the long way from

the extremity and

create a stable T. Lefevre — FCC-EIC MDI
R rcnce network workshop - 18/10/2022

Seems not possible to
cross or put a hole here for
the monitoring system (and

numerous holes would be
required)
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Internal alignment system

» Goal : measure inner components with high accuracy

» Create a network of points accurate enough so another system can measure from it

\ »the long way from

Seems not possible to .
NI
cross or put a hole here for create a stable T. Lefevre — FCC-EIC MDI
the monitoring system (and workshop - 18/10/2022
numerous holes would be
required)

Cryostat shell

QC1L2
Once we have a well monitored
network, we can measure the
objects inside

LumiCal

Cooling

Central \

chamber

\ >~ \Trapezoidal

chamber

Bellow
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Parenthesis about the position monitoring of BPMs
(mentioned in T. Lefevre and M. Koratzinos presentations done on 18/10/2022)

» Goal : measure inner components with high accuracy

» Create a network of points accurate enough so another system can measure from it

\A\A/the long way from

Seems not possible to i

cross or put a hole here for Screening solenoid
the monitoring system (and
numerous holes would be

required)

. — FCC-EIC MDI
k workshop - 18/10/2022

M. Koratzinos—
Needs to be optimized FESLELS o]

workshop -

18/10/2022
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Bellow We need to know was info we want for the

/ . . -
= \Trapezmdal BPM -> it will impact the measurement

P chamber system Cedric Ormond
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Planned procedure

» Alignment during assembly thanks to laser tracker (or maybe CMM) +
fiducialisation+ installation of the alignment monitoring system + installation
of an eventual re-adjustment system
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Planned procedure

» Alignment during assembly thanks to laser tracker (or maybe CMM) +
fiducialisation+ installation of the alignment monitoring system + installation
of an eventual re-adjustment system

» Calibration and tests of the alignment monitoring system (and test of the re-

Mainaud Durand, Helene, et al. "Frequency Scanning

adjustment system) A Wire Position Monitor (WPM) system to Interferometry as new solution for on-line monitoring
control the cold mass movements inside inside a cryostat for the HL-LHC project.” (2018):

the TTF cryomodue,D. Giove, 1997. WEPAF068.

Vivien RUDE,
Mateusz

AN SOSIN, Alignment for
........ e N Crab Cavities as part
= HL-LHC Full Remote
Alignment System,
12th HL-LHC
Collaboration Meeting,
Uppsala (Sweden),
19-22 September
2022
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Planned procedure

>

Alignment during assembly thanks to laser tracker (or maybe CMM) +
fiducialisation+ installation of the alignment monitoring system + installation
of an eventual re-adjustment system

Calibration and tests of the alignment monitoring system (and test of the re-
adjustment system)

Closing of the assembly
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Repeatability of several heat-up

and cool down sequences :
Planned procedure Jown sequenc:
— PR -
> Alignment during assembly thanks to laser tracker (or maybe CMM) + ol | it o
fiducialisation+ installation of the alignment monitoring system + installation | ] i ]

of an eventual re-adjustment system

» Calibration and tests of the alignment monitoring system (and test of the re-
adjustment system)

Temperature (K|
g
T
.

.,

Vertical translation : Tz (mm)

» Closing of the assembly

(A

» Eventual tests (cooling down tests near the assembly point to be ready to wl | " J no 1 ;
dlsagselmble in case of any problem during the tests) with the alignment DJI lL’s".;._Jk_dtt_;\__i AN i
monltonng System online + test of an eventual I’e-adjustment SyStem 03 Apr 16 24 May 18 14.Jul 18 035ep 18 240ct 18 14Dec 16 03 Feb 19
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Repeatability of
warm position :
~ 76.8 +/- 0.050 mm

76.6

s F - Repeatability of
cold position :
+/-0.050 mm




(O Fee 25/10/2022, FCC-EIC workshop 2022 Léonard WATRELOT, PhD student, BE-GM-HPA

Planned procedure

Zanoni, Carlo, et al.

> Alignment during assembly thanks to laser tracker (or maybe CMM) + J;(fnfé?jﬁéafﬁ'?éis
fiducialisation+ installation of the alignment monitoring system + installation test.” Journal of
of an eventual re-adjustment system Physics: Conference
Series. Vol. 874. No. 1.
> Calibration and tests of the alignment monitoring system (and test of the re- IOP Publishing, 2017.

adjustment system)
» Closing of the assembly
» Eventual tests (cooling down tests near the assembly point to be ready to

disassemble in case of any problem during the tests) with the alignment
monitoring system online + test of an eventual re-adjustment system

HL-LHC Low-p magnets : movements during transport
» Monitoring of the position of inner components during the transport and from US will be measured

installation of the assembly (tracking the position of inner components all the [
time). Installation in the tunnel thanks to the fiducials placed on the outside
of the assembly and on the tunnel walls
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Planned procedure

» Alignment during assembly thanks to laser tracker (or maybe CMM) +
fiducialisation+ installation of the alignment monitoring system + installation
of an eventual re-adjustment system

» Calibration and tests of the alignment monitoring system (and test of the re-
adjustment system)

» Closing of the assembly

» Eventual tests (cooling down tests near the assembly point to be ready to
disassemble in case of any problem during the tests) with the alignment
monitoring system online + test of an eventual re-adjustment system

» Monitoring of the position of inner components during the transport and
installation of the assembly (tracking the position of inner components all the
time). Installation in the tunnel thanks to the fiducials placed on the outside
of the assembly and on the tunnel walls

» Link of all the alignment systems installed in the MDI (external alignment
system, internal alignment system and detector relative alignment systems).

Vivien RUDE, Mateusz SOSIN, Alignment for Crab Cavities as part HL-LHC Full Remote Alignment
System, 12th HL-LHC Collaboration Meeting, Uppsala (Sweden), 19-22 September 2022
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Planned procedure

» Alignment during assembly thanks to laser tracker (or maybe CMM) +
fiducialisation+ installation of the alignment monitoring system + installation
of an eventual re-adjustment system

» Calibration and tests of the alignment monitoring system (and test of the re-
adjustment system)

» Closing of the assembly

» Eventual tests (cooling down tests near the assembly point to be ready to
disassemble in case of any problem during the tests) with the alignment
monitoring system online + test of an eventual re-adjustment system

» Monitoring of the position of inner components during the transport and
installation of the assembly (tracking the position of inner components all the
time). Installation in the tunnel thanks to the fiducials placed on the outside
of the assembly and on the tunnel walls

Inclinometer
WPS

» Link of all the alignment systems installed in the MDI (external alignment
system, internal alignment system and detector relative alignment systems).

» Full alignment monitoring system working for the MDI, running during
machine operation + eventual re-adjustment system (able to work during
machine operation or only during shut downs).

Adjustment
system
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Re-adjustment system

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

Adjustment system for the cryostat, but also adjustment
system for the cold masses (which has been designed to
work also at cryogenic temperatures but never used)
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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 able to adjust the position of every
components, only the most critical ones would be already
extremely convenient

Adjustment system for the cryostat, but also adjustment
system for the cold masses (which has been designed to
work also at cryogenic temperatures but never used)
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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 able to adjust the position of every
components, only the most critical ones would be already
extremely convenient

» Not necessary to be accurate at 10 ym, a system able to
correct major displacements ~0.2 mm to 1mm (due to transport,

gzvﬁit?:;glr;:“o)n;vngsxjetlegrrgggn?a;t?g%dslwzblnn\}zrqiseit Adjustment system for the cryostat, but also adjustment
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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 able to adjust the position of every
components, only the most critical ones would be already
extremely convenient

» 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.

Adjustment system for the cryostat, but also adjustment
system for the cold masses (which has been designed to

. work also at cryogenic temperatures but never used
» Not necessary to be able to work at cryogenic temperatures yog P )

only at room temperature would be already extremely convenient.

Screening solenoid

Cryostat shell
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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 able to adjust the position of every
components, only the most critical ones would be already
extremely convenient

Not necessary to be accurate at 10 pm, 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 be able 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.

Léonard WATRELOT, PhD student, BE-GM-HPA

Adjustment system for the cryostat, but also adjustment
system for the cold masses (which has been designed to
work also at cryogenic temperatures but never used)
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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 able to adjust the position of every
components, only the most critical ones would be already
extremely convenient

» 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.

Adjustment system for the cryostat, but also adjustment
system for the cold masses (which has been designed to

: work also at cryogenic temperatures but never used
» Not necessary to be able to work at cryogenic temperatures yog P )

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 Cryostat shell

convenient.
Compensation

A lot of possibilities are open, from the system working only at warm temperature allowing a re- solenoid et
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 Lumical
level. Cooling
Central \ : e
Systems able to work in these conditions exist, the difficulty is to quantify their advantage chamber
compared to a loss of luminosity due to any misquantified misalignment value or to the 7 g \T';P:';:‘:ra'
need to dismount, disassemble, realign, reassemble and remount the assembly. e

QciL3
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Investigation of the use of the detector to consolidate the alignment monitoring

» Detectors and subdetectors positions are very likely to be monitored (as it is currently the case at ATLAS for example).
» For now, parts of subdetectors are aligned relatively to each other
» Main limit in LHC/ATLAS MDI is the distance and obstacle (shielding) separating the final focusing quads and the detector.

» For FCC-ee, a well thought link between the detector alignement system and the accelerator/MDI alignment system could
be very interesting :
 densify the network and increase overall precision and robustness
» Feedback during closing of the detector, vacuum and cool down
» Link between physics and mecanic
» Very precise alignment between the accelerator and the detector

ATLAS SemiConductor

Tracker =
P An
Y

Gibson, S. M., et al.
"Monitoring the heart of ATLAS
using Frequency Scanning
Interferometry." Proceedings of
the Eighth International
Workshop on Accelerator
Alignment, CERN, Geneva.
2004.

Aefsky, S., etal. "The
optical alignment system of
the ATLAS muon
spectrometer endcaps."
Journal of Instrumentation
3.11 (2008): P11005.

- Layout of the alignment system in the silicon detector modules in
the ATLAS SemiConductor Tracker.

- Use of Frequency Scanning Interferometry.

- Relative alignment of the detector parts up to bellow 50pum

- Layout of the alignment system in one muon spectrometer endcap.
- Use of optical alignment systems.
- Relative alignment of the detector parts up to bellow 100um

These technologies cannot be used for the FCC-ee accelerator components inside of the cryostat of the MDI for multiple reasons (mainly space limitations, cryogenic temperatures, magnetic fields and radiations).
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Alignment strategy proposal

» Alignment monitoring system
» Internal alignment monitoring system
» External alignment monitoring system

Artist view
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Alignment strategy proposal

» Alignment monitoring system
» Internal alignment monitoring system
» External alignment monitoring system
» Link to subdetector monitoring systems

Artist view
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Géomatique

RMS misalignment and field errors tolerances:
P ro 1 e Ct O n O | n Type AX AY APSI AS ADTHETA ADPHI
J g g " (pm)  (pm) (prad) (pm) (prad) (prad)

Are quadrupole® 50 50 300 150 100 100

Arc sextupoles* 50 50 300 150 100 100
Writing of a document gathering the alignment definitions and requirements Dipoles IoD_10m__50__ 1000 - -
for the FCC-ee MDI (that can be extended to the rest of the collider later): IR quadrupole 0TI o o
sextupoles 25 25

* misalignments relative to girder placement

T. Charles — FCC-EIC MDI workshop - 21/10/2022

* BPM alignment & accuracy: 1-10 um ®
o Arc BPM location at the quads? (or sextupoles?!) Movers? Pre-alignment accuracy? . 213 Algnment o one side with respect to the other
o Stretched-wire BPM-quad electromagnetic pre-alignment? Future Circular Collider :
*  BPM roll errors: 10-30 prad, BPM calibration errors: ~1 % : <
* Long term stability & drifts? MDI ALIGNMENT

Document identitier

T. Lefevre — FCC-EIC MDI workshop - 18/10/2022 Ove s

214 individual

Requirement for the aperture model

Element type Transverse Tilt T s oL P40 Mok Do
misalignment [prad] o
[um] o~

21,41, Same beam line: QC1

Name Organiaation |Oate
:':[;quadrupole 50 100 premeren -
Eaneay
arc sextupole Roviewed by
Dipoles 1000 0 ek
IR quadrupole 100 100
and sextupoles

M. Moudgalya, CERN-THESIS-2021-326

Any input would be very much welcomed
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25/10/2022, FCC-EIC workshop 2022

Léonard WATRELOT, PhD student, BE-GM-HPA

Thank you
for your attention

Géomatique et Foncier

24
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25/10/2022, FCC-EIC workshop 2022

Léonard WATRELOT, PhD student, BE-GM-HPA

Spares

Géomatique

36



(O Fce 09/06/2021, MDI meeting Léonard WATRELOT, PhD student, BE-GM-HPA

L*=1.22m HER

Belle II solenoid eCI‘OSS = 83 mrad
SuperKEKB/Belle 1l MDI —
Streiched wire Bz:—LSPT Beam Slze .
Alignment (strongly summarized) swuiea | 3.5 23 P O, = (1)%2;”“
Coord. S I;ER——_f_‘ﬂf \ "6 b/' g I o 0* = . I-lm
1. Pre-alignment of the components before " s——— Jr:ﬂ"‘: <> g — 6 mm

installing them in the cryostat, fiducialization. ) osing s fLFd

. . Coord. AWM taim:
2. Alignment of the cryostat (QCS) with respect ignment aim

~ 100 um

to the beam line.
L*=0.76 m LER

3. Installation of the cryostats inside the experiment. Table 2: Measured x-Offset, y-Offset and Roll Angle Rel- 6. = 83 mrad
4. Check of the pOSitiOﬂ of the inner magnets thanks to the ative to Design Parameters. Units of length and angle are
) mm and mrad, respectively. B )
' i i m size :
Single Stretched Wire (SSW) method coupled with X-offset Y-offset Ad *ea_ siz€
iti Quads. Solenoid Solenoid Solenoid 0 x= 10.1 pm
capacitive measurement between the cryostat and the on of  on off on 6", = 0.048 um

QCILE -021 -0.16 -0.29 -0.56 -1.6
QC2LE  0.13 0.1 -0.54 -0.68 -1.5
QCIRE 025 0.4 =037 -0.54 0.0
QC2RE  0.08 0.07 -0.58 -0.63  -0.7 Alignment aim :
QCILP  -0.03 -0.14 -021 -038 1.7 ~ 100 um

QC2LP 031 -0.41 -0.68 -0.83  —4.0
QCIRP  0.64 0.69 -0.30 —0.43 2.0
QC2RP 043 045 004 -0.19 -1.7

0, =5mm

experiment before the run of the machine.

Final correction on the beam thanks to corrector
magnets. b

Many thanks to Mika Masuzawa for all the
information on SuperKEKB alignment.




