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VADER 
objectives•Fabricate an innovative dipole magnet prototype with 

longitudinal varying dipole field, including a transverse 
gradient for the ELETTRA upgrade 

•Permanent magnet concept with trapezoidal bending radius, 
2.3 T peak field and ~10 T/m gradient, already 
established (CERN/CIEMAT) 

•Proved the horizontal emittance reduction to ultra-low 
levels of i.e. ~60 pm @ 2.86 GeV, for the CLIC DR (M. A. 
Domínguez Martinez et al., IEEE Trans. Appl. Supercond. 
28, 1, 2018; S. Papadopoulou et al, PRAB 22, 091601, 
2019)

•First demonstrator under construction by CIEMAT
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Magnet Overview

C-shaped Gap pointing outwards

SmCo in LF NdFeB in MF and HF

Flux concentration

Hyperbolic pole tips profile

Armco

Fe-Co (Vacoflux)

Flat pole tip profile
Field trimming

Dimensions: 

0.65 x 0.68 x 0.56 m

Weight: 1.1 T Steel 1010

M.%20A.%20Domínguez%20Martinez,%20F.%20Toral,%20H.%20Ghasem,%20P.%20S.%20Papadopopoulou,%20and%20Y.%20Papaphilippou,%20Longitudinally%20variable%20field%20dipole%20design%20using%20permanent%20magnets%20for%20CLIC%20damping%20rings,%20IEEE%20Trans.%20Appl.%20Supercond.%2028,%201%20(2018).
https://journals.aps.org/prab/pdf/10.1103/PhysRevAccelBeams.22.091601


VADER 
objectives
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• Design to be modified/adapted to lattice for upgraded ELETTRA 
SR, in order to further reduce the horizontal emittance beyond 

140 pm proposed for ELETTRA 2.0. 

• Optics calculations for the storage ring Multi-Bend Achromat 

(MBA) cell, by replacing dipoles with longitudinally varying 

ones with an optimised hyperbolic field profile (as compared 

to the step-like field variation). 

8th Low Emittance Rings Workshop, Frascati, INFN-LNF  26-30/10/2020 Emanuel Karantzoulis

Field choice for the Longitudinal 
Gradient Dipoles

✓ The LG dipoles have a quite important transverse gradient in the

lateral parts of the magnet where the field is lower.
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2.4 GeV L1 T 

G=21T/m

L2  T

G=0  

L3 T

G=21 T/m

Emittance

pmrad

VH-LG 0.77 T 2.16 0.77 140

H-LG 0.92 T 1.78 0.92 150

M-LG 1.036 T 1.46 1.036 177

After adjusting the horizonal beta function to about 5.7 m from the 
originally set at  9 m (that is also the value for the actual Elettra)

2.4 GeV L1 

G=21T/m

L2 

G=0

L3 

G=21 T/m

Emittance

pmrad

All H-LG 0.92 T 1.78 0.92 T 200

All M-LG 1.036 T 1.46 T 1.036 T 212

Half H and M 204

All M-LG with only the 

necessary HLS 

and instead VH_LG

210

208

Emittance
reduction by a 
factor of 48 i.e. 
at 2 GeV 147 
and at 2.4 GeV
212 pm-rad. 

E. Karantzoulis
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objectives
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•Specifications of magnet used 

for magnetic and mechanical

design, based on the 

experience already gained by 

CIEMAT. 

•Manufacturing conducted by 

KYMA, a leading industrial 

partner in the magnet 

technologies for X-ray 

sources and, in particular, 

insertion devices. 

•Prototyping and acceptance

tests to shape 

industrialisation procedure 

Assembly:

Mechanical design



VADER timeline
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 Deliverable description Month 

1 Magnet Specifications based on optics calculations for ELETTRA 12 
2 Magnetic and mechanical design (including fabrication drawings) 24 
3 Fabrication of the prototype 42 

4 Acceptance tests 48 

 

 

• 1st Collaboration meeting: 29/04/2021, discussion on initial steps 

including CLIC prototype progress, Elettra ring constraints, 

analytical approach for magnet specifications, lattice design

• Work towards magnet specifications ~June 2021 (CERN Fellow), 
collaboration of CERN/Elettra, input of CIEMAT for magnetic design 

iterations

• Specification document to be ready and approved by May 2022 

• Magnetic and mechanical design starting at June 2022, responsibility 

of CIEMAT with input from all partners (in particular KYMA for 

fabrication)

• Magnetic and mechanical design (including drawings): document to be 

ready and approved by May 2023

• Fabrication of the prototype by KYMA to start on June 2023, ready for 
acceptance tests by January 2025

Milestone MS 26

Deliverable D7.3

Milestone MS 27
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