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Abstract 
Linac4 is a new H- linear accelerator at CERN 

replacing Linac2 as injector to the PS Booster. Almost 
100 electro-magnets of different types are needed for the 
Linac4 project. Following a detailed analysis of the 
requirements and constraints, several magnet designs 
have been studied and are well advanced. This paper 
presents the design considerations, main parameters and 
characteristics of the new Linac4 magnets and 
summarizes the present status. 

LINAC4 
As the first step of a long-term programme aiming at an 

increase in the LHC luminosity, CERN is building a new 
160 MeV H¯ linear accelerator, Linac4, to replace the 
ageing Linac2 as injector to the PS Booster. Linac4 is an 
86-m long normal-conducting linac made of an H¯ 
source, a Radio Frequency Quadrupole, a chopping line 
and a sequence of three accelerating structures: a Drift-
Tube Linac (DTL), a Cell-Coupled DTL (CCDTL) and a 
Pi-Mode Structure (PIMS). A new transfer line will 
connect Linac4 to the PS Booster.  The civil engineering 
has been recently completed, and construction of the main 
accelerator components has started with the support of a 
network of international collaborations [1].  

Both, the accelerating section and the new transfer-line 
require a number of different electro-magnets:  

The 3-MeV front-end will be equipped with four low-
energy correctors and two new solenoids in addition to 
several quadrupole families, which have been recuperated 
from the present Linac2.  

Table 1: New Magnets for The Linac4 Project 

Position Magnet type Number 

3-MeV Front-End Solenoid 2 

 Low-Energy Corrector  4 

DTL  Low-Energy Corrector 1 

 Linac Corrector type 1 1 

 Linac Corrector type 2 1 

 Inter-tank Quadrupoles 2 

CCDTL Linac Corrector type 2 4 

 Inter-tank Quadrupoles 7 

PIMS Linac Corrector type 2 6 

 Inter-tank Quadrupoles 12 

Transfer-Line Horizontal Bending 3 

 Vertical Bending 2 

 TL Quadrupoles 17 

 Linac Corrector type 2 11 

 
The linac itself will comprise 21 inter-tank quadrupoles 

and 11 corrector magnets in total. The first part of the 

linac requires special attention: due to the limited 
available space, a low-energy corrector and a short 
version of a standard linac corrector will be used in the 
DTL inter-tank regions.  

For the new transfer-line, 17 transfer-line quadrupoles, 
five bending magnets, and 11 two-plane corrector 
magnets will be built. A detailed overview of the required 
new magnets is shown in Table 1. 

The electro-magnetic design work for these magnets 
has been recently completed. All simulations and field 
computations have been performed using the finite 
element program OPERA 2D or OPERA 3D/TOSCA 
from Vectorfields/Cobham. The outcome of the design 
study and the present production status of the electro-
magnets will be summarized in the following sections. 

3-MEV FRONT-END 

Low-Energy Correctors 
The low-energy correctors needed for the Low-Energy 

Beam Transfer Line (LEBT) and the chopper line are 
combined horizontal/vertical corrector magnets. They 
have a magnetic length of 170 mm and a mechanical 
aperture of 108 mm, providing an integrated field of 
1.28×10-3 Tm.  The yokes are made of 0.5 mm thick 
laminated electrical steel and the coils are wound from 
solid copper wire and are air cooled by natural 
convection. The main constraints were the limited space 
and the magnetic interference with the adjacent 
equipment. A preliminary integration layout of the LEBT 
is shown in Figure 1. 

 

 
Figure 1: LEBT layout. 

The magnet fabrication is finished and measurements 
of the integrated field strength have been performed on 
three out of six magnets with a rotating coil setup. The 

WEPO018 Proceedings of IPAC2011, San Sebastián, Spain

2436C
op

yr
ig

ht
c ○

20
11

by
IP

A
C

’1
1/

E
PS

-A
G

—
cc

C
re

at
iv

e
C

om
m

on
sA

tt
ri

bu
tio

n
3.

0
(C

C
B

Y
3.

0)

07 Accelerator Technology

T09 Room-Temperature Magnets



manufacturing of the magnets is reasonably conforming 
to the specification, as the dipole transfer function in both 
planes is within 0.2% with respect to each other and to the 
nominal value. The transfer function shows that the iron 
yoke operates in the linear range far from saturation.  

The measurement results are in good coherence with 
the outcome of the 3D simulations. As expected, the field 
quality is affected by very large allowed multi-poles due 
to the low aspect ratio (length to aperture).  

Solenoids 
New solenoids are indispensable to be compatible with 

the large aperture of the rest of the LEBT. Low energy 
solenoids with an aperture radius of 75 mm have been 
specified for the MedAustron accelerator, in collaboration 
with CERN. These DC-operated solenoids entirely fulfil 
the Linac4 requirements and feature an effective length of 
309 mm and an integrated axial field of 8×10-2 Tm. The 
design work included a comprehensive study on the 
impact of the conductor configuration onto the field 
homogeneity. The complete conductor geometry 
including layer transitions and connection leads have been 
modelled in OPERA 3D and several layouts have been 
tested leading to the final design. The four coils are 
mounted into a magnetic steel barrel to confine the fringe 
fields. The field quality has been intensively cross-
checked using the ray-tracing feature of OPERA 3D. A 
dedicated simulation could provide certainty that the 
close-by corrector magnet does not distort the solenoid 
field quality in a significant way and the magnetic 
coupling remains negligible.  

LINAC INTER-TANK SECTIONS 

Quadrupoles 
Beam focusing in the linac is provided by Electro-

Magnetic Quadrupoles (EMQ) and Permanent Magnet 
Quadrupoles (PMQ). A common EMQ type will be used 
for the inter-tank sections of the entire Linac4. The 
quadrupoles have an aperture radius of 27 mm and 
provide a maximum integrated gradient of 2.4 T. They are 
designed to operate with a repetition rate of up to 2 Hz 
and a flat top length of 2 ms keeping the r.m.s. current 
and the power consumption low enough to allow air 
cooling by natural convection, which consequently cuts 
the installation and operation costs. In addition, an air-
cooled magnet design permits a reduction of the overall 
magnet dimensions, helping to meet the stringent 
geometric boundary conditions in the inter-tank regions. 
The yokes are made of 0.5-mm-thick laminated electrical 
steel glued together, cut by Electro Discharge Machining 
(EDM) and pressed into a stainless-steel ring; the coils are 
wound from solid copper cast in resin after the final 
magnet assembly.  

Apart from a very compact design (overall length less 
than 106 mm), this layout brings the advantage to keep 
the mechanical tolerance on the poles and in the magnet 
assembly narrow and to assure a gradient homogeneity of 
∆∫G/∫G0 = ± 0.05% inside the good field region (GFR).  

OPERA 2D was used to design the pole profile and the 
yoke cross-section. The integrated harmonics amplitude 
values were obtained from the 3D simulations by Fourier 
analysis of the radial field component Br integrated on a 
cylindrical surface. The integrated field quality was fine-
tuned by trimming the pole ends (chamfering). The 
quadrupoles are presently under fabrication.  

Field errors due to eddy currents in the magnet and in 
the vacuum chamber have been computed and compared 
with measurements on a prototype of similar design. The 
time constant of the 1.5-mm-thick vacuum chamber 
(50 µs) was found to be small compared to the time 
constant of the magnet itself (200 µs) and can therefore be 
ignored. 

Corrector Magnets 
Several types of combined horizontal/vertical 

correctors with different mechanical apertures and field 
strengths are needed for the inter-tank regions and the 
new transfer-line. In order to reduce the costs and the 
number of spare magnets, a common window-frame 
design with a free aperture of 100 mm × 100 mm and a 
maximum integrated field strength of 3.5×10-3 Tm will be 
used for all subsystems. Like the quadrupoles, these 
magnets will be operated in pulsed mode with the 
repetition frequency of 2 Hz. 

Since the magnets are short and have a large aperture, 
the fringe field in the direction of the beam axis is 
significant. In such a case, 2D field calculations give 
imprecise results and need to be verified by 3D 
simulations. Thus, 3D models were used to optimize the 
conductor distribution in the coils. It was found that the 
required field quality can be achieved by introducing 10 
additional turns on each side of the coil, as shown in 
Figure 2. 

 

 
Figure 2: Non-optimized vs. optimized coils. 

The integrated horizontal and vertical field errors stay 
below ±0.5% for a GFR radius of 35 mm (transfer line 
correctors) and below ±0.1% for a GFR radius of 20 mm 
(inter-tank correctors). 

The mechanical layout is similar to the above 
mentioned low-energy correctors. Two prototypes with 
different lamination thickness (0.5 mm and 0.35 mm) 
have been manufactured and will be measured to study 
their dynamic behaviour when operated in pulsed mode. 
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