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Agenda

Magnet alignment challenges for future accelerators

« 3 steps of magnet alignment:

 Fiducialisation

* Pre-alignment on common support

- Alignment in the tunnel

« State of the art versus requirements
« Two examples from the CLIC project:

- DB quadrupole

« MB quadrupole



Steps of alignment

Fiducialisation

Fiducialisation: determination of the magnetic axis w.r.t. external targets

=>SU case: determination of the mechanical axis w.r.t. Fiducials

‘5 Fiducials: 4=um) Means of measurements:
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'tz, - Size of the magnet  Precision / accuracy required
Z - Means of measurements - Size, weight of the magnet
g - Configuration * Environment

G - Fixation

0.5 holder with 0.5” holder Micro-triangulation 1.5" holder
removable magnet target
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Steps of alignment

Fiducialisation Means of measurements

More accurate, less portable

- MPEp:8pum (20) ¢ Measurement uncertainty: ¢ MPEE: 0.3 um+ 1 ppm
£15um + 6 ym/m (AT401) . Major axis stroke = 1.2 m

In some cases, this step is complicated by the fact that there is a cryostat
-> monitoring of cryo-mass inside the cryostat needed (WPM, FSI
under study for HL-LHQ).



Steps of alignment

v'Several magnets on the same girder
Fiducialisation of all magnets needed + support

Transfer between referential frames of components and support
guarantied by measurements

v'Coupling of BPM to quadrupole for example (the offsets of the reference
axes must be known)

v'During the pre-alignment process on the support, it is important to have
accurate & precise means of measurements combined with accurate
means of adjustment (shims are not recommended for micrometric
adjustments).



Steps of alignment

Alignmentin Eun

w.r.t to the geodetic network

w.r.t the adjacent components

Alignment systems Standard means

Continuous measurements -« Alignment of fiducials
In severe environment

High precision & accuracy
With kinematic sensor mounts




Magnet alignment: state of the art

State of the art...

¢ Mechanical fiducialisation ~ 50 pm, better with CMM Ffor smaller
components

* Pre-alignment on common support: capacities of fine adjustment to be
developed ~ 20 ym (on small components)

« Alignmentin tunnel: 11 pym reached over 140 m

2 cases where requirements are above this state of the art, with a
magnet alignment challenge:

=» DB quadrupole

=»MB quadrupole



Example 1: Case of DB quadrupole

DB quadrupo

« 40000 DB quadrupoles
foreseen for CLIC

« 2 DB quadrupoles per girder of
a module
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Alignment rec

* For asliding window of 200 m

- Std deviations of magnetic axis of DB
quad w.r.t a straight line fit < 20 ym




Example 1: fiducialisation of DB quad

The whole se Determination of magnetic axis with an oscillating wire
=» new method to determine the position of the wire
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Example 1: fiducialisation of DB quad

Process of measure

DBQ DANFYSIK




Example 1: fiducialisation

Repeatability of the method

Std dev. of coords
4

Measurements performed on 3

types of wires (@ 0.1 mm): 4

- Cu-Be (2003) 5 sets 4 5

« Cu-Be (2013) 4 sets )

- Cu-Ni 4 sets Inter-comparison betwest
Std dev. of coords - Entrance & exit of magnetic axis
2 7 determined by both methods

Exit of magnetic axis 2 7

Position of magnetic
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- Impact of the current in the position
of the magnetic axis not negligible,

- Repeatable
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Example 1: adjustment

From the requirements

- Adjustment according to 5DOF (Y, Z translations & 3 rotations)
Stroke:
« +1mminYandZ (X blocked)
« + 4 mradin all rotations
Resolution <5 uym
Must Fit the available space
User access only on one side
Load 170 kg

Result

» Resolution of translations <4 ym
- Resolution of rotations < 40 prad
» No drift or creeping

+ Nominal adjustment < 10’
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/
// Differential-thread screw
/

Flexural :\ h: llllllll A support i o stroke = 0.25mm/revolution
with threaded head M nu (int.M10x0.5 / ext.M12x0.75)

Regulation knob



Example 1: perspectives

Combination of both methods during the fiducialisation
process of DB quads

- 2 DB quads installed on the same
girder, via the 5 DOF micrometric
adjustment system

- Whole assembly installed on a
magnetic calibration bench, on a
special bench, equipped with
additional targets and cWPS
interfaces (determined by CMM
measurements)

- A wire is stretched to perform the magnetic measurements

It is not the wire that will be displaced to look for the magnetic axis of the
quadrupole, but the quadrupole using the 5 DOF adjustment system

- Once in position, the position of the wire is measured, using a combination of
cWPS, laser tracker, CMM measurements, in the girder referential frame.

This is an extrapolation of the PACMAN project...



Example 2: Case of MB quadrupole

MB quadrupole f

« 4000 MB quadrupoles foreseen 2 Fem
Stabilization System, EN-MME erture ua} mm
FOI' CLIC ig |f:ngrtth igomm
° H . _ Interface Stabilization radien /m
One additional step: a nano B [rentomny 1
positioning /  stabilization et i o v

system!

}Pre-AIignment Interface |Power 990w
Fundament Weight 2 kE

Alignment requi
* For a sliding window of 200 m
* Std deviations of magnetic axis of MB

- quad w.r.t a straight line fit <17 pm

Vertical axis

Longitudinal axis
Z,-100 Z, z,+100




Example 2: Case of MB quadrupole

PACMAN = Particle Accelerator Components’ Metrology and Alignment
to the Nanometer scale

Metrology

Survey & alignment

Beam instrumentation

Radio Frequency
Develop very high accuracy metrology &

Nano-positioning alignment tools and integrate themin a
prototype alignment bench

Magnetic measurements

Extrapolate the tools & methods
developed to other projects



Example 2: PACMAN

:

DMP

« PACMAN = ITN (Initial Training Network)

- PACMAN-= IDP (Innovative Doctoral Program) ELTOS

- Funded by EC | IEIESHN
« 10 PhD students 1METROLAB

- Duration = 4 years (started on 1/09/2013) SIGMAPHI

- High quality training program Hexagon Metrology

* Management @ CERN National Instruments

TNO
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Example 2: PACMAN by |

ALIGNMENT FEEDTHROUGH
. SPHERES \  PICRUR
~ . o

TUNING
SCREW

\, INTERCONNECTION FLANGE \  BELLOWS

CMM FSI or/and micro
triangulation

Seismic sensor

Stretched wire

g g ey

Pre-alignment
sensor interface

DAMPING MATERIAL VACUUM
MANIFOLD

VAC. FLANGE

REF. SPHERE

WAVEGUIDE

COOLING
CIRCUITS

WAKE FIELD MONITOR

COMPACT COUPLER




summary

3 steps of alignment

gnment/ .
4isation common Alignment in

support tunnel

The two examples introduced show that an alignment of a short magnet
within 20 pm seem reachable, at stable conditions (20 °C, rigid support, etc.)

Next challenge concerning the alignment of magnet will be to master the
impact of temperature variations

Concerning long magnets, inside cryostats, we hope that the tools developed
by the PACMAN project will help improving the current tolerances of
alignment
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