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The science behind MAGiC

Magnetism at interfaces
Thin films

Multi-functional

i materials
Phys. Rev. Lett. 114, 016603
Spin-orbit coupling
SO Coled Superconductivity and
' Mott ins. .
magnetism
Weyl

Mott ins.

simple
metal or oS
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or semi-metal

arXiv:1305.2193v2

Long range magnetic states
(skyrmions, multiferroics, ...)

Molecular magnetism

Fundamental magnetism and
theory (Coulomb, Kitaey, ...)

Nature Physics 7, 673-674 (2011)
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Anisotropy in molecular magnets

Data storage at molecular level
High density: >10"'* bit/in? @)

Magnetic state can be manipulated (photo-excitation)
No coupling between the cells
Strong anisotropy to retain information vs time.
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Neutrons are sensitive to local magnetization =» local SQUID !



Orbital order through spin density

Orbital ordering is playing a key role in the onset of perovskite magnetic
properties.

YTiOs is a good candidate: ferromagnetic insulator with predicted AF orbital
ordering.
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New magnetic states

S P iral s P in-li qu ids Order-by-disorder and spiral spin-liquid in
Predicted in s pi nels AB,O4 frustrated diamond-lattice antiferromagnets
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New magnetic states

S P iral s P in-li qu ids Order-by-disorder and spiral spin-liquid in
Predicted in s pi nels AB,O4 frustrated diamond-lattice antiferromagnets
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q=27(1/2400)

Observed in MnSc2S4 using polarized neutron diffraction !
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Spiral spin-liquid and the emergence of a
vortex-like state in MnSc,S,
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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 ...

« Today: first observation of Discrete Time Crystal

» Instrument needs flexibility/adaptability



Functional requirements

/ Spectrum: thermal & cold

Crystal & magnetic structures
k Spin-lattice coupling
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Fundamental magnetism
Diffuse scattering

Flexible
Q-resolution

AQ ~1072... 1031&‘1/

Vector properties
Chirality

Separation of weak

contributions

Magnetic from nuclear
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MAGIC layout

Experimental cave
NBES Neutron guide shielding & Control hutch
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6 m 28 m R4 m 170 m



MAGIiC layout

Detectors & Experimental cave
Ch Thermal neutron ,
SSB OPPELS polarizer Sample Environment & Control hutch
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Moderator & Monolith




Moderator & Monolith

4000 mm

light shutter




Moderator & Monolith
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Moderator & Monolith
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Moderator & Monolith
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Moderator & Monolith
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light shutter

34 mm shift towards
thermal moderator

Beam Extraction System



Neutron Beam Extraction
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No optics 1n the insert
Dimensions @ 2.0 m: 124x30 mm
Dimensions @ 5.5 m: 38x30 mm
Tilt: -0.47° vertically

Two channels: thermal and cold
SSB in the light shutter
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* Disks diameter = 600 mm

* Frequency < 140 Hz
* Opening time: 60 us @ 112 Hz

Pulse Shaping Choppers : select 64/4 resolution

*  Small slit: 8.6° =¥ 120 us pulse length
*  Large slit: 105° =» A dependent pulse length

*  Thermal spectrum: 64/4 = 3,0% — F=0,63xF;
*  Cold spectrum:  6A4/4=1,9% — F=0,77xF.
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« Pulse Shaping Choppers : select 64/4 resolution

*  Small slit: 8.6° =¥ 120 us pulse length
*  Large slit: 105° =» A dependent pulse length

*  Thermal spectrum: 64/4 = 3,0% — F=0,63xF;
*  Cold spectrum:  6A4/4=1,9% — F=0,77xF.

* SC (14 Hz): eliminate sub-pulses from PSC
* 20.6° =» 1.1 ms opening
* D =600 mm
* BC (14 Hz): select wavelength range @~80 m
« 180° =» 2.6 ms opening
* D=750 mm




Neutron optics

6.9 m

; -0,47°
Thermal neutron g
Polarizer. -0,235°

Kink position

Elliptical super-mirror guide,
divided in two half ellipses

30.9 m 839 m

\ %

m-coating optimization of the guide

optimized m-values

157.9 m

4.5
FoM for optimisation:
4 f
Brilliance Transfer on a 5x5 mm? area 35
within +/- 0.3°x0.3° divergence Ll ——
g —righ
= o5k

1 1 1 1 1 1 1
0 20 40 60 80 100 120 140 160
dist to moderator (m)



In-bunker guide

6900 mm = 24500 mm
Inclination: -0.469°

Substrate: aluminum
Vacuum housing: ensured by the substrate =» 103 mbar

5 mm B4C layer around the guide to reduce activation
30-60 Gauss magnetic guide field (cost vs standardisation)

Heavy shutter: expecting a standard design from ESS.
Placed 1nside the bunker.
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(= High energy shutter setup

6 drums are positioned within the neutron
bunker wall.

Drum Sequence:

Borax (50% epoxy / 50% B,C)
Standard steel

Standard steel

Borax

Standard steel

Tungsten/parafin (density 11.8 g/cm?3)

Sk~

Effective thickness: each drum 20 cm

4 )
n-dose rate: 15.2 uSv/h

g-dose rate: 0.5 uSv/h

(only prompt gammas from the drums)

\_ )

N-Dose rate can be reduced more by replacing steel with tungsten drums.

PSI, 17.10.16 22



Bunker wall

24500 mm =¥ 28000 mm
Inclination: -0.469°

Substrate: copper
Vacuum housing: ensured by the substrate =» 10-3 mbar

Bronze C86300 anti-streaming volume (checked with Gabor).

60x60 mm

guide on Cu . :
Shimming 70 mm anti- Cu anti-

plates stre aming stre amln g BrOIlZC




End 1% half-ellipse

28000 mm =¥ 80000 mm
Inclination: -0.469°

Substrate: BK7
Vacuum housing: 5 mm aluminum pipe =» 103 mbar

5 mm B4C layer around the housing to reduce activation
30-60 Gauss magnetic guide field (cost vs standardisation)

Total drop: 650 mm from Beam Center Line




Straight element

80900 mm =¥ 83900 mm
Inclination: -0.235°

Substrate: BK7
Vacuum housing: 5 mm aluminum pipe =» 103 mbar
6 horizontal channels: 300um thick FeS1 coated Si layer

5 mm B4C layer around the housing to reduce activation
1000 Gauss magnetic saturation field

80 mm



2nd half-ellipse

83900 mm =¥ 157900 mm
Inclination: 0°

Substrate: BK7
Vacuum housing: 5 mm aluminum pipe =» 103 mbar

5 mm B4C layer around the housing to reduce activation
30-60 Gauss magnetic guide field (cost vs standardisation)




Neutron optics

Elliptical super-mirror guide,
6.2 m

divided in two half ellipses

162 m

Thermal neutron vg
Polarizer. -0,25

Kink position
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Neutron Polarization

e Cold neutron polarizer (2 + 6A), SSB

. . Polarization
« Magnetic guide fields analysis
« Polarization rotators
 Thermal neutron polarizer (0,6 + 2,3A) — super-mirrors _ /

* Spin-flipper
« Polarization analyser
» XYZ- polarization analysis coil

Magnetic guide fields /

Spin-flipper

Polarization rotators

SSB polarizer Thermal neutron polarizer

g

Bunker feed through



Cold neutron polarizer

* Position: in front of PSC

* Solid state bender (3m), 150 um thick S1 wafer coated
with FeSi;

e Vertical saturation field of 1 kGauss;

* Mounted inside the light shutter to easily adjust and
switch between thermal (0,6 + 2,3A) and cold (2 +
6A) polarized neutron beams;

SSB polarizer

\
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Magnetic guide field

« To keep polarization, magnetic guide field 1s applied along the full instrument;
 Homogeneous vertical guide field of 60 Gauss inside the guide;
* Soft iron plates + NdFeB magnets;

Soft iron plates
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Magnetic guide field

« To keep polarization, magnetic guide field is applied along the full instrument;
 Homogeneous vertical guide field of 60 Gauss inside the guide;
» Soft iron plates + NdFeB magnets;

* Bunker reduces the guide field magnitude
* Permeability 1s not 0

« Expected 20-30 Gauss
« (OK for cold neutrons

Deadline today !




Thermal neutron polarizer

6 channels FeSi1 super-mirror polarizer; 3 section by Im long;
Horizontal saturation field of 1 kGauss;
Soft iron yoke + NdFeB magnets;
Polarization rotator — turn polarization 90°;

Soft iron yoke

NdFeB
magnets




Adiabatic spin flipper

» Adiabatic spin flipper will be 1nstalled in the second guide
section at distance from the sample position to limit stray
field from 10 T magnet;

e Spin-flip efficiency is ~1 from 0,6A to higher wavelength;

0.995 |- _______ )

>
)
c
Q
9
=
®© 0.990
=
5T
£
aQ
/)

o
©
®©
o

0.980 i ﬂ i i i i i i
00 02 04 06 08 10 12 14 16 18 20

LA




XYZ polarization

* Set of XYZ coils to manipulate the guide field at sample position;
* PASTIS like coil geometry

80 mm SE opening

Z quide coil

/ cancelation coil

XY coils



Polarization analyzer

* Solid state analyser, 150 um thick S1 wafer coated with FeSi;
* 120° horizontal angular aperture, 6° vertical aperture;

Polarization analyzer

SRR



Sample exposure system

Sample table
Cryostat
Piezo positioning system Attocube




Beam shaping at sample position

Beam focusing, SM m=6: gain ~ 4
1 Radial Collimator 120°x48° Euro collimators
Collimation slits (DREAM like)




Detectors

0B Jalousie Detector 60°x48°
0B Jalousie Detector 120°x6°  Cascade Detector Technology




Detectors

0B Jalousie Detector 60°x48°

Inclination: 10°

Length: 520 mm (32 channels) =% 2.1 mm
Height: 902 mm (128 channels) =¥ 5.6 mm
Efficiency =¥ 05 10 15 20 25

neutron wavelength [A]

~
o

(2]
o

(9]
o

BN
o

detection efficiency [%]

w
(=]

(<o)
o

10B Jalousie Detector 120°x6°:
Inclination: 10°
Length: 500 mm (32 channels) =% 1.9 mm

Height: 100 mm (16 channels) =¥ 5.4 mm
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Monitors

2 monitors on incident and transmitted beam




Monitors

2 monitors on incident and transmitted beam

Current status: micro-Bulk technology derived from CERN beam
monitoring: copper micro mesh on Kapton layer

Efficiency: 10 with 10 nm 'YB capture layer
Could be reduced using only N> as capture element
up to 200um resolution !

20 k€ cost/monitor + electronics
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Experimental cave
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Experimental cave

Wall thickness calculated for H2 event
52 cm optimized thickness required
60 cm used (safety factor = 2)

5 mm B4C on the walls
Calculated for graphite monochromator in beam

Beamstop (updated)
Thermal beam only !

Concrete




Beamline shielding

Beam losses inside the guide:
- Boron carbide
- Concrete
- Steel in hotspots
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Beamline shielding

Beam losses inside the guide:
- Boron carbide
- Concrete
- Steel in hotspots

10

McStas output

10

10" F

10" g

losses (n/s)

10" F

10 0 20 40 60 80 100 120 140 160
distance moderator (m)

0B + n¢y -> 7Li3* + 4He?" + y (0.48 MeV)
Min. thickness = 25 cm
Max. thickness = 80 cm

Concrete thickness (1.5uSv/h)
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BE

Neutron and prompt gamma dose rates at 5.5m (W6)

W6 — beam entrance 30 mm x 124 mm

W6 — beam exit 30 mm x 38 mm

Note: no other beamports are modelled

(muSv/h)_

Gamma dose rate
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Neutron dose rate

.00E+00

Total: 27 Sv/h

1.00E+00

Energy (MeV)

Total: 447 Sv/h
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(1= Neutron and prompt gamma dose rates at 24.5 m (\W6)

3.00E+05

Dose rates @ 24.5m

25E+05

(muSy)/h)

1.50E+05

\‘

S0E+04

Gamma dose r rate

0.00E+00

1.60E+06

1.20E+06

8.00E+05

(3

W6 — vacuum channel 10 cm x 10 cm (0.5 deg tilt)

4.00E+05

Neutron dose rate muSv/h

0.00E+00

1.00E-10

New SDEF-card defined for guide shielding calculations

1.00E-01

Gamma dose rate

Total: 0.79 Sv/h

1.00E+00

Energy (MeV)

Neutron dose rate

Total: 13.8 Sv/h

1.00E-08

1.00E-06

1.00E-04  1.00E-02

Energy (MeV)

1.00E+01 1.00E

1.00E+00  1.00E+02  1.00E-

PSI, 17.10.16
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= Neutron dose rates along guide system (W6)

cross section inside shielding: 50 cm x 50cm

Shielding around guide:

10 cm borated concrete
10 cm standard steel
50 cm standard concrete

@rce —tally S: 13.8 Sv/h \

@77m -tally A: 8.8 mSv/h

fast neutron flux; 4.7E4 n/cm?/s

@30m - outside guide shielding
tally B: 3.4 uSv/h

@50m ouside guide shielding
tally C: 1.9 pSv/h

@77m ouside guide shielding

\ tally D: 1.1 puSv/h /

PSI, 17.10.16 49
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=

Shielding the direct beam at 77m

Remember:

@77m center of beam: 8.8 mSv/h
neutron dose rate

Beam dump consists of 50 cm
heavy concrete (4.9 g/cm?)

Concrete includes 5 % B,C

Detector size: d=6 cm

/" Behind beam dump: N
n-dose rate : 1.6 pSv/h 30 n/s/orm?
g-dose rate : < 0.1 uSv/h

N\ Y

PSI, 17.10.16
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=) 150m Guide Shielding

Shielding around guide
behind 77m:

2m heavy concrete
with vacuum tube belt
/5m standard concrete
(0.5 m thickness)

PSI, 17.10.16



Shielding design

28 m S5m S3m 86m 155m 163 m

Heavy

shutter Standard steel | Borated concrete
28 - 55 m Standarg concrete

: \ 155-163m
/ 55-83m /[ 83-86m 86-155 mm

e

/
/

700

S



Dealing with pillars

Compact shielding !

Pillars in the guide hall have been
cut to 10 cm height

1/4 shielding block will have to
enclose a pillar and metallic beam
for guide support



Performance at 2 MW

The full scientific case is covered by the instrument !



Performance at 2 MW

Polarization analysis

0.0.1
OGN 24 O =2 N

D7:2.10° n/s/cm?

2 -1 0 1 2
h,h,0

MAGIC: 7.10% n/s/cm?

Expected gain: 300




Performance at 2 MW

Thermal data collection

0 20 40 " 60 %0 100 120 140 160

1 mm?3 sample

30 s per frame

60 f data collection
Topaz (SNS) : 12 hours rames per datd |

Expected gain: ~20 Full data collection ~ 30 mn




Instrument budget

01 Phase 1 02 Phase 2 03 Phase 3| 04 Phase 4 Total (k€)
Shielding & Cave
0 0 1269 142 1411
Neutrons Optics & Polarization
0 0 4484 496 4980
Choppers
0 0 675 75 750
Sample Environment
0 0 165 20 185
Detectors & Beam Monitors
0 0 1324 248 1572
Data Acquisition and Analysis
0 0 0 0 0
Motion Control & Automation
0 127 162 83 362
Instrument Specific Technical Equipment
415 439 493 830 2187
Instrument Infrastructure
0 0 365 140 505
Vacuum
0 0 0 0 0
Contingency
1154

Total

13103




Instrument lifecycle

2017 2018 2019 2020 2021 2022 2023 2077

Phase 3 . ..
. . iecinni N . commissionin
Procurement and installation Cold commissioning Hot commissioning De 9
Proposal Design & Installation &

Users Program

& planing Construction Commissioning




Early procurement

Guide system:
- Design has been optimized

- Tendering process will take > 6 months
- Production up to 2 years
- First element to install on the instrument (inside the bunker)

Detectors:
- Afirst sector of the large detector is mandatory to check performances
- 200 k€ investment

Choppers:
- Pressure on choppers suppliers will be high

- Our concept is well defined and follows the guide design
- 2 years process and needed on day 1 of installation



Questions ?
Remarks ?
Comments ?



