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Presentation Notes
Important to mention:
This work was only possible as a collaboration of several partners from the science area and with contributions from many commercial firms. In total partners from Germany, Italy, The Netherlands, Switzerland and USA were involved.
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What 1s Helmholtz?
What is HZB?
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Presentation Notes
HZB is part of the Helmholtz Association, a group of German National Labs with 90% funding from the German Ministry for Science & Education.
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What is Helmholtz?
What is HZB?
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Presentation Notes
HZB is situated in the city of Berlin, Germany. HZB is operating two large scale facilities, a Neutron Source (research reactor, HZB-BENSC) and a Synchrotron Source (HZB-BESSY) for Soft X-Rays.
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Investigation of Structure and Dynamics of Complex
Materials and Material Systems with Neutrons
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Presentation Notes
The Neutron source is used for structure research with neutron scattering. 
Neutron scattering can deeply look into matter.
Neutron scattering is sensitive to magnetic phenomena.
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Unconventional Superconductors

Understanding the interplay between
superconductivity and other competing orders

§ Identification of different vortex phases ., L
(lattice, liquid, disentangled, entangled, decoupled)

§ Method:
diffraction / inelastic scattering / SANS £

OO 20 40 60
Temperature (K)

B/T phase diagram of underdoped YBCO
Le Boeuf et. al., Nature Physics 9 (2013) 79
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Presentation Notes
Different physical measurements (e.g. NMR, susceptibility, specific heat) can determine phase diagrams, but only neutron scattering can reveal the structure of materials or identify magnetic vortex phases.
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Magnet Systems for n-Scattering at HZB

Continuous Field
max. ~ 15 T — split pair configuration
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Presentation Notes
Choice of different superconducting magnets at HZB with various max. fields and for different type of experimental setups. Max. field is 15 Tesla.
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Present Cryomagnets for n-Scattering Experiments
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Presentation Notes
Standard split pair magnet design for neutron scattering applications. Sample temperature from RT to 1 K with standard sample stick or down to 50 mK with dilution inserts into the sample chamber.
Horizontal magnets only for special applications up to now.


High Field Magnets for Neutron Science

Monochromatic

Triple-Axis Instrument

Split-Coil-Magnet

(vertical field)
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Broad Wavelength Band
of Neutrons

TOF-Instrument

Tapered Solenoid
(horizontal field)

(flux reduction!)
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Presentation Notes
Different magnet configuration for different neutron instrumentation. Broad wavelength band of thermal and cold neutrons needs special installation (multi-spectral insertion) for neutron guide.
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Neutron-Guide-Hall-2 with Multi-Spectral Guide
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Presentation Notes
Special insertion system for multi-spectral neutron guide enables use of restricted magnet geometry for scattering instrument.
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TOF instrumentation with multispectral neutron guide and horizontal magnet to allow optimum magnet design

Project Preparation Phase

* Resistive Magnet or
e Superconducting Magnet or
o Series-Connected-Hybrid Magnet (SCH)

Hybrid data:
Max. Field:
> 25 Tesla (4 MW)
> 30 Tesla (8 MW)
(conical opening: 30°)

Fermi Chopper

Multi Purpose Instrument:

Diffraction
Small Angle Neutron Scattering
Spectroscopy

Detector

hamber 10
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Presentation Notes
Most important design decisions:
- Magnet design adapted to neutron instrumentation
- Type of magnet 
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Magnets for n-Scattering Experiments

Future

25T - 31 T Hybrid Magnet (Solenoid)
Geometry and power of resistive coil determine
maximum field

11
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Presentation Notes
At present only Hybrid Magnets produce fields above 15 T for neutron scattering. HTS magnets are under development.
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Twrirum Bakn

Why not a Superconducting Magnet ?

Current Density Across Entire Cross-Section
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Presentation Notes
Here only potential of HTS conductors is described. 
For design of a magnet system many parameters have to be considered for the possible max. field.


Design Parameter Hybrid Magnet

Central Field >25T(>30)T
Bore 50 mm horizontal
Opening Angle 30°

Power Resistive Insert 4 MW (8 MW)
Field Homogeneity < 0.5%

(15 mm x 15 mm Vol.)

Operating Current

20 kA

Magnetic Field of 13T-18T
Resistive Insert (4 MW /8 MW)
Magnetic Field of 13T
Supercond. Coil

Height ~5m

Total Weight ~25t

Cold Mass ~6t
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HZB.....

Triiruin Barkn

Service Turret

Resistive Coils
HTS in future ?
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Presentation Notes
Most important operating parameters of the HZB HFM system.
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Presentation Notes
Electrical circuit of power & protection systems for a hybrid magnet. 
Stored energy at full field: 43 MJ.
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Presentation Notes
Two independent QDS systems of CICC coil depend on voltage difference of:
- Complete coil vs. cowound wire 
- Two adjacent coil layers
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Superconducting Outsert Coll
Nb,Sn Strand and 3 Types of Superconductor

High Field Mid Field Low Field
Cable Pattern 4x3x3x3X3=324 | 5x4x4X3=240 | 4x4x4X3=192
N sc strands/Cu strands 324/0 120/120 64/128
Strand diameter 0.81mm 0.81mm 0.81mm
Jc-nocu (12T,4.2K) >2100A/mm?2 >2100 A/mm2 | >2100 A/mm?2
Type of strand : Nb;Sn RRP RRP RRP
Strand coating Chrome plating | Chrome plating | Chrome plating
Void fraction 29+/-1% 29+/-1% 29+/-1%

Cu transition piece (to current lead)

4 K He piping

50 K He inner bore shield

Potential break
Interlayer joint

Tie rod

Endplates
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Presentation Notes
Description of conductor grading and most important components of cold mass.
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Triiruin Barkn

Resistive Insert Coll
Horizontal
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Presentation Notes
Conical resistive coil around magnet bore with sample in center of magnet system.
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Superconducting Outsert Coll

Final Assembly
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Superconducting Outsert Coll

Final Assembly
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Presentation Notes
Sequence of assembly with coil axis in vertical direction and putting the system in upright position.
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Superconducting Outsert Coll

Final Assembly

HZB.....

Triiruin Barkn
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Presentation Notes
Final assembly step: insertion of resistive coil into bore of superconducting magnet.
Complete magnet system under test.
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Twrrirum Backs

Sample Environment

\
4He Evaporator Closed Cycle
: Refrigerator

. as precooling stage ¢
1

\

Sample

3He Evaporator
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Presentation Notes
Sample cooling with independent cryostat inserted into the magnet bore.
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Hybrid Magnet + Technical Infrastructure
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Presentation Notes
Technical infrastructure of hybrid magnet.
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HZB Neutron Scattering Facilities

Technics Building:
§ DC power supply

§ Helium refrigerator

§ cooling water facility

Neutron Instrument & HFM

HFM Assembly and Test Site
in Technics Building
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Presentation Notes
Neutron Guide Hall with Magnet on Instrument and Technics Building in background.
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Presentation Notes
Technics building and most important components.
Lower left picture: resistive test coil for infrastructure commissioning.
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Control System — Hybrid Magnet

Combine Controls for:
Magnet +

Power Supply +

D
e

HFM
Central Controls

Water Cooling +
Helium Refrigerator +

Data monitoring and

safety procedures

=

LON Bus
Profibus
Hard Wire

DCCB
MSB
RMPS
QDs

- User Terminal

DC Circuit Breaker

Magnet Interface Box

Resistive Magnet Protection System
Quench Detection System

25
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Presentation Notes
Central control system of hybrid magnet & technical infrastructure.
Monitoring & control of about 500 different parameters.


Aug 2015
16 Oct 2014
12 Dec 2014

Jan. 2015
to
Feb. 2015

07 Apr 2015
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Habrinoas

Commissioning Hybrid Magnet

Start of cooldown of superconducting coil

First successful magnet test at 20 kA (26 T)

Relocation of magnet system from
HFM technics building to Neutron Guide Hall

Installation of magnet on neutron instrument EXED

Start HFM/EXED commissioning

Successful test on instrument
20 kA (26 T) for 3 hours
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Presentation Notes
Sequence of commissioning activities of magnet system.
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