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HEIMDAL – Hybrid Diffraction
Multi Length Scale Neutron Scattering Instrument:

10-2 – 108 nm

Diffraction + SANS + Imaging
(1) Thermal Diffraction (SOUP ~2028)
(2) Cold Guide - SANS (upgrade)
(3) Neutron Imaging (upgrade )

ω

Thermal Guide

Cold Guide

How do we construct Heimdal to full science scope
In timely (reduced shut-downs) and cost effective way ? Cold Neutrons

Thermal Neutrons



The Heimdal Risk Register 

Heimdal Requires more engineering support based at ESS to deal with large workload & installation

Kåre Iversen – Lead Engineer based at Aarhus University
Dan Mannix – Lead Scientist based at ESS



The Heimdal Risk Register 



Change Request to include
more cold guide scope

Item Contractor Costed Within Budget ?

Chopper Systems ESS Common Yes Yes

T0 Chopper ESS Yes Yes

Guide Shielding ESS Common Yes Yes 

Cave Shielding Mirrotron Yes Yes

Detector CDT No Yes ? Reduce 
coverage if needed

Monitors ESS Common Yes Yes

Guide Optics Tender published 
May 2022 No Depends of how 

much cold guide ?

By end of 2022 we should know all real costs and know how much cold guide can be bought 



Heimdal Timeline 

New Build Focus for Instrument:

Delay to BOT & Longer open access to 
bunker

Procurement of Bunker components:

Thermal Choppers
T0 Chopper
Guide Optics, Support & Vacuum Housings
Heavy Shutter
Light Shutter



Heimdal Timeline 



Heimdal inside Bunker Components

Bunker Wall Feedthrough
(Guide procurement PSI)

Heavy Shutter (AU)
(Next priority) 

T0 Chopper
(ESS Chopper Group)

Cold Neutron 
Choppers 
(upgrade)

Thermal Neutron Choppers
(ESS Chopper Group) 

Light Shutter
(AU)

(Next priority) 



NBOA Project: Swiss Neutronics

Reduced window thickness 
from 2mm to 1.5

Optics sTG3 finalised – Ready for Manufacture

NBPI in queue with other ESS instruments

Installation expected before BOT Q4 2023.



ESS Common Chopper Project
Expected Before BOT Q3 2023
Project within Budget

Heimdal Choppers



T0 Chopper

Prototype T0  Chopper Design

Construction with  ESS Chopper Group - within budget
Final modified design for Heimdal approved by ESS
Scope transfer from IFE to ESS 
Installation ?  Maybe after BOT (shutdown 2026). Start with no T0 and vacuum tube.  



120 mm

60x80 mm vacuum tube

Curved guide

CF63 / ø113.5 mm

Guide adjusting 
flange milled to 110 
mm square

120 mm between 
support frame and 
T0 bottom

80 mm extension 
support



T0 simulation results

• A T0 chopper is placed leaving 11 mm of the guide space below the 
hammer open.

• Streaming of neutrons below the hummer is absent beyond 35 
meters from target (figure for !" > 20MeV)

• Same background as for full-sized T0

• Radiation safety fulfilled: guide shielding is designed to provide 1.5 
uSv/h outside with T0 parked open.

• 300 uSv/h contact dose rate at T0 hammer 1h after shutdown, well 
within 10mSv/h limit.

11mm

Pinhole
T0 hummer

Bunker wall



Light Shutter (BBG)

Procurement AU: Next Priority
Delivery before BOT Q4 2023



Heavy Shutter

Open position Closed position

Procurement AU: Next Priority
Delivery before BOT Q4 2023



Heavy Shutter



Heimdal Cave
Project Timeline









Cave Shielding Calculations

Neutronics Calculations – Optimising costs

90cm concrete walls (Diffraction). 
40cm concrete walls (SANS)
70cm concrete roof (Diffraction)
30cm Concrete roof (SANS)
Beam stop Steel Bar inside heavy concrete

H1H2 Scenarios approved (Feb. 2020)



Heimdal Guide Procurement (PSI)

Current priority for Heimdal
Tender Publication May 2022.

Thanks to PSI, Procurement Department 
Uwe Stuhr & Artur Glavic



D03 Heimdal Merge of Guides

~80M Merged
Thermal & Cold guide in 
long straight section.



Heimdal Guide (PSI)

(1) Complete detailed design of Thermal & Cold guide systems 

(2) Complete costing of thermal guides optics & housings  

(3) Options 1 Cold guide sections in-bunker & long straight

(4) Options 2 Cold Guide Sections pre-cave

Final project aligned with budget ?

long Straight
Section

Pre-cave Section

Bunker Section
(BWI included)

Scope Change request:
Installation of cold guide
In-bunker + long straight

Upgrade - Pre-cave.



Heimdal Detector System

Technical Specification May 2022

ESS Dream -> Magic -> Heimdal

Procurement to start May 2022 After Guides with PSI 

PSI -> Hopefully not full open tender (only one supplier)

10B Based Jalousie Detector
Pitch = 17mm

FWHM
=1.05mm

5º Pitch = 17mm



Heimdal General Sample Environment

cryofurnace
1.5K-600K (800K)Orange Cryo

1.5K-300K

Dilution
~10s mK

Cryo-magnetic
8-Telsa

Cooling Heating Magnetic Field Pressure ? What ? Electro-chemistry

Paris – Edinburgh 
Diamond Anvil + Heat
Stress/Strain Cell

Discussion – Malcolm 
SAD Group

Diffraction

SANS



Heimdal Fast Sample Environments
High Throughput Neutron Scattering

Open Flow Cooling Induction Heating Hot Air Blower

Oxford Cryosystems:
N2 cryo system
80-500 K

Cryo Industries America:
Cryocool-LHe : 10-600 K
Consumption: 2L/hour 10 K
Cold zone: 10 mm
Cool down time: 10 min

- Electromagnetic radiation
- Fast heating 
- High temperature >1370 °C 

1000 W system
40 L/m dry air
- RT - 1000 K in 100s
- combined with
- flow system
- active cooling by dry air
- => fast sample change

+ Robot sample changer

Nordforsk proposal 2020
Heimdal/Dream compatible sample environment
- Fast Heating
+ Post Doc Started @ AU: 
Jakob Voldum Ahlburg



HEIMDAL Polarised Neutrons
ESS Polarised Neutron Workshop

[B]=20 Oe

Total Spin:

Total Charge:

Neutron Supermirror

3He Cell 

Polarised Thermal Neutrons 
incident + analysis

Polarised Cold Neutrons 
Incident + Analysis

Design for Polarised Neutrons on Heimdal
Cold guide supermirror
Thermal Guide 3He Cell

Keep open  possibility for future



Heimdal Continues to Make Progress


