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The science behind MAGiC

Fundamental magnetism and 
theory (Coulomb, Kitaev, …)

Separation of weak
Magnetic from nuclear
contributions

Polarised

Vector properties
Chirality

Varma

Superconductivity and 
magnetism

Long range magnetic states 
(skyrmions, multiferroics, …)

Nature Physics 7, 673–674 (2011)

Spin-orbit coupling

arXiv:1305.2193v2

Multi-functional 
materials

Magnetism at interfaces 
Thin films

Phys. Rev. Lett. 114, 016603

Molecular magnetism



Epitaxial films

Magnetism at interfaces 
Thin films

Phys. Rev. Lett. 114, 016603

« A full magnetic structure 
refinement is not possible from 

the data »
- J.S. White et al, PRL (2013)



Epitaxial films

Magnetism at interfaces 
Thin films

Phys. Rev. Lett. 114, 016603

RMnO3 / 400 nm 
4 hours / peak

LuMnO3 / 80 nm 
D10 / RITA-II

I. Gelard et al, Applied Phys. Lett. 92, 232506 (2008) J.S. White et al, Phys. Rev. Lett. 111, 037201 (2013)

« A full magnetic structure 
refinement is not possible from 

the data »



Epitaxial films

Magnetism at interfaces 
Thin films

Phys. Rev. Lett. 114, 016603

(Y,Ho,Er)MnO3 

400 nm

I. Gelard et al, Applied Phys. Lett. 92, 232506 (2008) J.S. White et al, Phys. Rev. Lett. 111, 037201 (2013)

LuMnO3 / 80 nm 
D10 / RITA-II

« A full magnetic structure 
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« A full magnetic structure 
refinement is not possible from 

the data »

Epitaxial films

Magnetism at interfaces 
Epitaxial films

Phys. Rev. Lett. 114, 016603

(Y,Ho,Er)MnO3 

400 nm

I. Gelard et al, Applied Phys. Lett. 92, 232506 (2008) J.S. White et al, Phys. Rev. Lett. 111, 037201 (2013)

LuMnO3 / 80 nm 
D10 / RITA-II

50 - 100 nm thick films 
Parametric studies only 
Cold neutrons studies 
Rare-earth and/or high-spin systems 

5 nm films in spintronics 
Full magnetic structure refinement 
Lower spin systems (S=1/2)

High flux 
Thermal neutrons 
Polarization analysis
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SOC = from classical to quantum !

Metal-insulator transition 
T. F. Qi et al, Phys. Rev. B 86, 125105 (2012) 

3D quantum spin liquids 
Itamar Kimchi et al, Phys. Rev. B 90, 205126 (2014) 

Unconventional superconductivity (RVB model) 
Y. J. Yan et al, Phys. Rev. X 5, 041018 (2015) 

Topological Mott insulator 
W. Witczak-Krempa et al, Ann. Rev. of Cond. Mat. Phys. (2014) 

Bond directional interactions 
Saeed S. Jahromi et al, Phys. Rev. B 94, 125145 (2016)

Spin-orbit
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The road to Quantum Spin Liquid: Kitaev

Honeycomb and hyper-honeycomb lattices 
Triggered by spin-orbit coupling 

Stabilizes a quantum spin liquid state !

Spin-orbit



Spin-orbit coupling

Anisotropic Hamiltonian: Kitaev
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Small single crystals ! 
Pseudo-spin 1/2

Spin-orbit



Spin-orbit

Spin-orbit coupling

Anisotropic Hamiltonian: Kitaev

H
ub
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rd Iridates

Publications / year Citations / year

Small single crystal (X-ray sized) 
Weak diffuse magnetic signal 
Quantum magnetism 

Focusing < 1mm2 

Collimation of scattered beam 
Polarization analysis
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HTc superconductivity

Separation of weak
Magnetic from nuclear
contributions

Polarised

Vector properties
Chirality

Varma Origin of the pseudo-gap 
phase
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O

Cu

Varma, Phys. Rev. B 73, 155113 (2006)



HTc superconductivity

Separation of weak
Magnetic from nuclear
contributions

Polarised

Vector properties
Chirality

Varma Origin of the pseudo-gap 
phase

B. Fauqué et al., PRL 96, 197001 (2006)



HTc superconductivity

Separation of weak
Magnetic from nuclear
contributions

Polarised

Vector properties
Chirality

Varma Origin of the pseudo-gap 
phase

B. Fauqué et al., PRL 96, 197001 (2006)

Magnetic form factor of the current loop ? 
Refinement of the magnetic « structure » associated ? 

Polarization analysis 
Cold neutrons 

Low temperature



The science behind MAGiC

Sub-K, magnetic field, cold 
neutrons, polarization analysis

Separation of weak
Magnetic from nuclear
contributions

Polarised

Vector properties
Chirality

Varma

Low temperature, cold 
neutrons, polarization 

analysis.

Tunable divergence, pulse 
length, low temperature, 

magnetic field.

Nature Physics 7, 673–674 (2011)

Focusing, low temperature, 
polarization analysis, 

magnetic field

arXiv:1305.2193v2

Thermal neutrons, magnetic field, 
temperature, divergence, focusing

High flux, thermal neutrons, 
polarization analysis

Phys. Rev. Lett. 114, 016603

Magnetic field, half-polarized, low 
temperature, thermal neutrons



Building for tomorrow

• New scientific trends will emerge in the next decades 

• Open land: difficult to predict 
• 20 years ago: no spin-liquids, multiferroics, 

spintronic ... 

• Instrument needs flexibility/adaptability



Functional requirements

Fundamental magnetism
Diffuse scattering

Crystal & magnetic structures
Spin-lattice coupling

Focusing

Separation of weak
Magnetic from nuclear
contributions

Polarised

Vector properties
Chirality

Varma

Flexible 
Q-resolution

�Q ⇠ 10�2... 10�3Å
�1

Spectrum: thermal & cold
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MAGiC layout

Guide hallBunker wall

Monolith

Choppers First section Polarizer Second section Exp. cave

Control hutch

-0,5° -0,25° 0°

155 m86 m45 m28 m6 m

Heavy shutter

Chopper



Instrument lifecycle

Phase 1
Phase 2 
Design

Phase 3 
Procurement and installation

Phase 4 
Cold commissioning

Phase 5 
Hot commissioning Operations Decommissioning

2017 2018 2020 2022 202320212019

TG2 TG3 TG4 TG5

Proposal 
& planing

Design & 
Construction

Installation & 
Commissioning

Users Program

20??



36s 4j1.1) Beam Extraction System

215s 1j1.2) Beam Delivery System

52s 4j1.3) Chopper System

145s 3j1.4) Beam Geometry Conditioning

198s 2j1.5) Beam Filtering System

36s1.6) Beam Validation

136s1.7) Beam Cut Off

68s 4j1.8) Vacuum System

103s 1j1.9) Shielding (Beam transport and 
Conditioning)

992s 4j1) Beam transport and Conditioning 
System

136s2) Sample Exposure System

13s 1j3.1.1) Preliminary Design
26s 2j3.1.2) Detailed Design

105s 3j3.1.3) Procurement and Start of 
Installation

26s 2j3.1.4) Installation and Start of Cold 
Commissionning

171s 3j3.1) Polarization Analyzer

319s 3j3.2) Neutron Detector System

36s3.3) Vacuum System

36s3.4) Radial Collimators

563s 1j3) Scattering characterisation System

0h4) Optical Cave

254s 2j5) Experimental Cave

110s 2j6) Control hutch

130s7) Sample preparation Area

126s8) Utilities Distribution (Infrastructure)

130s 1j9) Support Infrastructure

106s 2j10) Control Racks

123s 3j11) Integrated Control and Monitoring

0h12) TollGates

Filges Uwe
Filges Uwe

Filges Uwe

Titre Effort 2016 2017 2018 2019 2020 2021

Detailed schedule

LLB JCNS PSI



Critical Path: polarization analyzer

- 01/06/2016: preliminary design (3 months) 

- 01/12/2017: detailed design (7 months) 

- 01/03/2018: start of construction (>=24 months) 

- 01/06/2020: delivery on site 

- 01/06/2020: detectors installation & commissioning 

- 01/01/2021: installation & commissioning (6 months) 

- Important schedule risk: 

- Detector: CDT is working on DREAM’s one 

- Neutron guide: huge load in the next years 

- Choppers



Critical Path: polarization analyzer

- 01/06/2016: preliminary design (3 months) 

- 01/12/2017: detailed design (7 months) 

- 01/03/2018: start of construction (>=24 months) 

- 01/06/2020: delivery on site 

- 01/06/2020: detectors installation & commissioning 

- 01/01/2021: installation & commissioning (6 months) 

- Important schedule risk: 

- Detector: CDT is working on DREAM’s one 

- Neutron guide: huge load in the next years 

- Choppers

Early 
procurement ! 


