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HEIMDAL – Hybrid Diffraction
Multi Length Scale Neutron Scattering Instrument:
        10-2 – 108 nm

Full Scope: Diffraction + SANS + Imaging
(1) Thermal Diffraction (SOUP 2028)
(2) SANS - Cold Guide (75% complete)
(3) Imaging (future upgrade) 

Neutron Diffraction
Powder / single crystal

Small-Angle Neutron Scattering
& Neutron Imaging

ω

Rescoping Instruments
Under discussion @ ESS

Heimdal was heavily descoped !



Heimdal Team 
New Resources:

Siamak: New  Lead Engineer (ESS)
Bengt: Engineer (ESS)
Kåre: Engineer (AU)

More Engineering support
To gear up to TG3 & TG5
Outsource & ESS/AU

Documentation Support 2025
Harald Lang (PSI – Estia)
Isabel Llamas (IFE)



HEIMDAL Schedule overview

Re-baseline

2023 2025 2026 2027

TG5*
Jan 27

TG3 
Apr 25

Replanning 1st 
draft

TG5
Feb 26

TG3 
Jun 24

TG3 
Jun 24Before replanning

TG3 
Dec 25

Replanning 2st 
draft – ongoing 

process

2024

TG5/SAR*
Apr 27

TG5
Feb 26



Instrument Replanning 

TG3
 Passed

➙
➙➙

2018 TG3 



ESS Instrument Rescoping 
Scope 1.0sr. (80°) UG1 2.0sr. (1.8M€)

UG2 3.0sr. (3.6M€) Full Scope: Diffraction + SANS + Imaging (6.2M€)

ESS Resources:
CUP/CEP
Detector Group
DMSC…



ESS Instrument Rescoping 



2D Detector & Rescoping 

OpSmum flux 0.8Å–3.5Å
Obtainable flux 0.5Å - 6Å +

106 n/s 108 n/s 109 n/s

High Resolution + High Flux Q =4𝞹 Sin(θ) / 𝛌 d =2𝞹 / Q



2D Detector & Rescoping 

OpSmum flux 0.8Å–3.5Å
Obtainable flux 0.5Å - 6Å +

High Resolution + High Flux Q =4𝞹 Sin(θ) / 𝛌 d =2𝞹 / Q
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Seebeck Effect
Peltier Effect 

Spin 
Seebeck
 Effect

Spin Caloritronics ?
A New Spin on Old Physics

Spin 
Peltier
 Effect

Seebeck Effect
 1822

Peltier Effect
 1834

Interconversion of heat,
charge and spin currents

Spintronic + Thermoelectric
Functionality

Hall Effect
 1879

Heimdal Early Science Impact 



Spin Caloritronics (Re3Fe5O12)
~1.0Å-1 30nm Thin Film: 

XRS I10 Diamond
Nano-structure Powder



Neutron X-ray Synergies -> Spin Caloritronics  

Neutron 
Powder Diffraction

Tb3Fe5O12

Neutron Single 
Crystal DiffracSon

REXS: Films 
28nm Tb3Fe5O12

Polarised Neutron 
InelasSc Scaeering

Tb3Fe5O12

Spin Seebeck
 Magnons Tb3Fe5O12

Neutron Spin Echo 
Tb3Fe5O12 – lifetimes?

Ptychography 
 Gd3Fe5O12

RIXS Gd3Fe5O12  
Circular Polarised 

XPP: Heat Dynamics

XPP: Phonons

XPP: Magnons ?

Bulk

Nanometer

Picosecond

XFEL: LCLS

Invited Talk ESRF “Coherence ESRF EBS 4th GeneraSon synchrotron sources October 2024
Contributed Talk ILL/ESS User meeSng Flipper Polarised Neutrons – Smart Materials December 2024



Science Cases & Detector coverage

High Angle only:     High resolution, Bond-lengths & PDF
92-172º                 Excludes large & magnetism
                 Q ~ 2,21-25.0 Å-1 
                                  Length scales  d: 0.25-2.8Å 

Low Angle Only:     Large d-space materials & magnetism
10-90º                 Excludes High resolution & PDF ?
(1-81º)                 Q ~ 0.27-17,7 Å-1    (0.03-16,3 Å-1 )
                                  Length Scales  d: 0.35-22.9Å

Science Cases 

Qmin (6Å) 2θ =92º.  ~1.5Å-

Qmax (0.5Å) 2θ =172º ~2.5Å

Qmin (6Å) 2θ =10º ~0.2Å-1

Qmax(0.5Å) 2θ =90º ~17Å-1

Qmin (6Å) 2θ =30º ~0.5Å-1

Qmax(0.5Å) 2θ =120º ~21Å-1



Science Cases & Detector coverage: Large unit cells cells & metal organic frameworks etc.

Large d-spacing e.g. MOFs

HRPT 1-3Å
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PDF & High resoluSon.    🙂
MagneSsm & large d-spacings ☹

PDF & High resoluSon.    ☹
MagneSsm & large d-spacings 🙂

PDF & High resoluSon.    😐
MagneSsm & large d-spacings 😐

Or Should we move the detector on rail 0-172 degrees ? ~100k Euros   



STAP Advice:

(1) Rescope 2D detector 1sr-2sr before HC&FS mid 2027.
- Need agreement with NSS to start procurement now (a6er dream).
Costs 2.8M Euros.

(2) Go for movable detector support? 
Need to start design now to avoid delays to TG3/TG5.
Cost 100k Euros

(3) Stay with fixed 2D detector support?
Which posiPon? 90-172? 10-92? 30-120?
PDF / MagnePsm etc. science cases.
No extra cost or delay risks. 

(4) Moveable  2D detector & push for SANS upgrade ~3m Euros ?
  

2D Detector & Rescoping 



Heimdal Guide (PSI) Project
Progress with Swiss Neutronics

1. BWI: Installed 24/06
2. Long Straight 1: Fabricated, FAT accepted, 

to be delivered to ESS  expected soon.
3. Long Straight 2: Fabricated, FAT    

documentaSon received.
4. In-Bunker : SubTG3 planned 14/11,
    documentaSon @ESS for review  
5. Merge Chamber and final focusing secSon:  
Detail design ongoing
6. Split Chamber: Detail design ongoing

7. Cold Guide SANS collimaSng secSon
    redesigned using reflectors. 



Experiment Cave 

Mirrotron: New PDR.

IntegraSon review ESS
October 2024.

8M SANS cave
Extendible to 10m



Experiment Cabin 

Decided to go to new tender to optimize costs

ESS FM 200k Euros.



Heimdal RISK Register

Q1 2023 

Q3 2022 

Engineering and technical resources added -> RISKS Reduced 

Nothing changed at DMSC on souware? IFE Budget ok for now!  Au Budget & resources in discussion 



Summary 
Major items now contracted: Guide shielding (ESS), Choppers (ESS), Cave (Mirrotron), Guides 
(swissneutronics), 2D detector (CDT) – Costed & within budget and spec.

Starting manufacture and delivery to ESS e.g. Guide Long straight sections thermal *& cold.

New rescheduling for Tranche-2&3 instruments: Final TG3 Q2-2025. TG5 mid 2027

New injection of Engineering resources & possible more to keep on new timeline track

Main Issues for Heimdal to STAP ? Please Feedback
2D Detector & rescoping.  Current Diffraction 2D detector limited to only 80 degrees 1sr.
This will limit first science opportunities on Heimdal. 
Can we have the rescope 2D detector (2.0sr) in time for 1st science 2027 ?
Do we work to design moveable 2D detector (1.0sr) to optimize instrument & science scope day 1 ?
If detector is fixed what angles do we cover with 80 degrees?




