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European Strategy for Particle Physics

CERN, the European 

Organization for Nuclear 

Research, is studying the next 

generation of accelerators for 

particle physics, under the 

aegis of the European 

Strategy for Particle Physic 

process.
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European Strategy for Particle Physics

CLIC is designed to be built in stages of increasing 

collision energy: starting at 380 GeV, 1.5 TeV, with a 

final energy of 3 TeV. In order to reach this energy in 

a realistic and cost efficient scenario, the accelerating 

gradient has to be very high - CLIC aims at an 

acceleration of 100 MV/m, 20 times higher than the 

LHC.
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Input to European Strategy for Particle Physics

Link: http://clic.cern/european-strategy

CERN-2019-001
http://dx.doi.org/10.23731/CYRM-2019-001

http://clic.cern/european-strategy
http://dx.doi.org/10.23731/CYRM-2019-001
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CLIC 380 GeV layout and power generation

140 ms train length - 24 ´ 24 sub-pulses 
4.2 A - 2.4 GeV – 60 cm between bunches 

240 ns 

 24 pulses – 101 A – 2.5 cm between bunches 

240 ns 
5.8 ms 

Drive	beam	 me	structure	-	ini al	 Drive	beam	 me	structure	-	final	

Baseline electron 

polarisation ±80%
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CLIC layout – 3TeV

Baseline electron 

polarisation ±80%
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CLIC magnets procurement challenges

Independent from the acceleration technology chosen (“Drive Beam” or Klystrons), the accelerated 

e+ and e- beams will be focused by a family of quadrupoles called Main Beam Quadrupoles – MBQ

(all with same cross-section and gradient but with different lengths). The procurement of the MBQs 

will represent a challenging industrial project.

MBQ Type Magnetic length 

[mm]

Quantity

MBQ Type1 350 308

MBQ Type2 850 1276

MBQ Type3 1350 964

MBQ Type4 1850 1472

For the CLIC Stage1 (11.4 km length, for a 380 GeV 

centre-of-mass energy), 1144 MBQs will be needed 

For the CLIC Stage3 (50.1 km length, for a 3 TeV

centre-of-mass energy), 4020 MBQs will be needed 

MBQ Type Magnetic length 

[mm]

Quantity

MBQ Type1a 430 712

MBQ Type2a 1010 432
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CLIC magnets procurement challenges

In the past years the MBQ magnet family was subject of a R&D phase with the procurement of several 

prototypes, with the aim of investigate:

- The correctness and performances of the magnet design

- The feasibility of the manufacturing techniques

- The industrial aspects of such type of procurement (companies qualification, difficulties, etc.)
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CLIC magnets procurement challenges

The quadrupole magnets are

manufactured with solid iron

quadrants (steel1010 grade),

since they are expected to

operate at constant current (200

T/m gradient required all along

the linear accelerator).

After some iterations with different precise machining companies,

we think to have assess the optimal mechanical machining

precision (by fine grinding) achievable for such type of

procurement (following time/cost considerations).
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For the single quadrants, machining tolerances of ±7 µm (in average) on the most critical surfaces

(poles profile and quadrant mating planes) were obtained with techniques and production times that

could be envisaged for series productions of these sizes.

CLIC magnets procurement challenges
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For the four quadrants (full

magnet assembly), a

mechanical precision

(overall) of ±0.3-0.35 mm

mm was obtained, showing

that was still a lot to do on

this point.

In addition to mechanical

measurements (not evident

for a so small magnet bore),

magnetic field quality

(measured by the multipoles

content) is considered the

most important indicator of

the mechanical assembly

precision.

CLIC magnets procurement challenges
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A program of assembly tests, based on high precision dummy quadrants, was launched to try to

select the most promising assembly method:

Through repetitive assembly tests done with “ad hoc” pieces produced 

by EDM, we could conclude that the most precise assembly method is 

through “pins in V-shapes”. 

We achieved a cilindricity error of ~13 µm compared to ~74 µm without 

pins (2nd method utilized in the magnet prototypes)

CLIC magnets procurement challenges
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New results from MBQ magnets procurement

Having identified the most promising assembly method (“pins in V-shapes”), we decided to implement this

solution on a set of quadrants already previously assembled and measured.

This would bring two major advantages:

a. Limit the cost

b. Possibility to repeat and compare the magnetic measurements in order to evaluate on the same assembly

the effect of the improved assembly method.

The “V” grooves were re-machined by the manufacturer (DMP-Spain) and then quadrant measured (and

accepted), and finally assembled and magnetically measured by CERN
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New results from MBQ magnets procurement
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So, the measurements refer to the same set of quadrants, with the same systematic machining errors (ex. on the poles
profile). The difference between the two set of measurements (solid vs. pattern fill) are consequently due to the
different assembly method and its precision.

The improvement is visible on both Normal and Skew components content.

(To be noted that several years elapsed between the to set of measurements based on stretching and oscillating wire
techniques for a so small magnet bore. The measurement system was subjected to several improvements and

amelioration and comparison of the two set of measurement should consider this).
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PACMAN Program
In parallel of these prototype development phases evolution, we had also the completion of the PACMAN

(Particle Accelerator Components Metrology and Alignment to the Nanometre scale) project, from the

recruitment Phase to the final PACMAN Collaboration Meetings and reporting.
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PACMAN Program

The PACMAN project main aim was to propose

innovative methods to fiducialize the reference axes of

accelerator components using a stretched wire.

Methods to precisely locate the magnetic axis of the

MBQ quadrupole and the electromagnetic zero of a

Beam Position Monitor (BPM) and accurately refer

them to the accelerator modules global alignment

system were demonstrated.

An improvement in the efficiency and accuracy of the

fiducialization/alignment process like the one proposed

would be critical for a successful industrial program

aiming to the procurement and high-precision

assembly of a huge number of components as needed

for CLIC.

The Project received funding from the European

Unions 7th Framework Programme “Marie Curie

actions”. It started in September 2013, and it had a

four years duration. The studies and research brought

seven Ph.D. Fellows to obtain their Doctorate

successfully.
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• CLIC accelerator project is under study at CERN under the aegis of the European Strategy for 

Particle Physics project 

• The MBQ magnets would be the backbone of the two main linacs of the CLIC complex

• The results of the final actions for the R&D on MBQ magnets was reported

• Thanks to the development and procurement of some prototypes, it was possible to select a magnet 

design and assembly methods convenient for the needed large procurement. The presented field 

quality results show the improvement provided by the final assembly method selected.

• The MBQ magnet is also one of the accelerator components studied in the PACMAN project. The 

project main target was the development of novel methods and tools to allow the parallel 

fiducialization of accelerator components, with the aim of defining innovative and efficient techniques 

for the procurement and fiducialization of a large numbers (more than 20000) accelerator modules

CONCLUSION
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