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HEIMDAL - Hybrid Diffraction
Multi Length Scale Neutron Scattering Instrument: S>>/
102-10°% nm

Neutron Diffraction
Powder / single crystal

Small-Angle Neutron Scattering
& Neutron Imaging

Full Scope: Diffraction + SANS + Imaging Rescoping Instruments
(1) Thermal Diffraction (SOUP 2028) Under discussion @ ESS
(2) SANS - Cold Guide (75% complete)
(3) Imaging (future upgrade)

Heimdal was heavily descoped !



Heimdal Team o
New Resources: .

Siamak: New Lead Engineer (ESS)
AA j [7- . || Bengt: Engineer (ESS)
| : ¥ K&re: Engineer (AU)

Isabel Llamas Dan Mannix Siamak Kianzad Kare Iversen Bengt Jonsson : ,
Scientist (IFE)  Lead Scientist ~ Lead Engineer Engineer Engineer More Engineering support

(ESS/AU) (ESS/NSS) (AU scope ) (ESS/AU) To gear up to TG3 & TG5
Outsource & ESS/AU

..\_ Documentation Support 2025
o Harald Lang (PSI - Estia)
Isabel Llamas (IFE)

Bjgrn Hauback P.I Mogens Christensen Autur Glavic
In-kind Partner IFE In-Kind Partner AU In-kind Partner PSI




HEIMDAL Schedule overview

2023 plopZi 2025 2026 2027
TG3 TGS
Jun 24 Feb 26
TG3 TG5
Jun 24 Feb 26
Replanning 15t TG3 TG5*
draft Apr25 Jan27
Replanning 25t TG3 TG5/SAR*
draft — ongoing Dec 25 Apr27

process




Tranche 1

Tranche 2 and 3

Instrument Replanning

Re-planning of later instruments

Delay of TG5 milestone for all instruments

2023 2024 2025 2026 2027
TG3 delay
Passed jmonths |3 58823 8sEdedsclE238uriedscdsdfuadsdsclizdfnaiedscdsniy

TBL 3

=) LOKI 23 7
BIFROST 17 \

=—) DREAM 17 \

=—) ODIN 22
NMX 16
ESTIA 18
SKADI 12
BEER 29
MAGIC 22
FREIA 14
HEIMDAL 14
CSPEC 24
MIRACLES 18
T-REX 14
VESPA 21

Updated with P6 14th of August live data (with the exception of T-rex where we've used the latest draft of the ongoing replannned plan)

re_planning ongoing
TGS rebaseline
TGS P6 live
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UG1 2.0sr. (1.8M€)

ESS Resources:
CUP/CEP
Detector Group
DMSC...

SOURCE

ESS Instrument Rescoping @) —
——

Upgrade Item

rescope 1: Diffraction Detectors
current scope 1sr 80-170°

Double Dector coverage 1.0sr - 2.0sr
Costed CDT(2023) 10-80°

Triple Detector coverage 2.0sr ->3.0sr
costed CDT(2023) 190-290°

Subtotal rescope 1:

rescope 2: SANS Scope

Wide Shielding (Mirrotron offer)

Final 40m Cold guide (Swissneutronics)
SANS TANK (estimate)

2 x Cold Choppers

ESS Common

SANS Detector 1 (BANDGEM)

0-4°

SANS detector 2 (BANDGEM)

4-10°

Subtotal rescope 2: SANS

Rescope 3: Imaging
Imaging detector (timepix 28x28)
Detector Mounting motorisation

Subtotal Rescope 3: Imaging

Total 2sr Detector + SANS

Total full scope
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DetectorCoverage

FOM = Flux * Detector Efficiency * SampleSize

1 High Resolution

B High Resolution i
B Low Resolution

W Low Resolution

W High Resolution
B Low Resolution

Normalized Figure of Merit
Normalized Figure of Merit

WISH ~ PowgenIMW  Heimdal WISHI  Powgen2MW  Heimdal WISHI  Powgen2MW  Heimda
Full Scope 2MW Day 1Scope 2MW Full Scope 2MW
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2D Detector & Rescoping

High Resolution + High Flux Q =4m Sin(B) / A
1es HEIMDAL bi-spectral switch spectrum at sample
—— reference
1.4 4 —}— step 1
—— step2
1.2 4 —}— step 3
> \ —— step 4
- S 1.0 —— final solution
0.01 v 44’5‘ S
°§’: : g 0.8
AA/A S : £ o5
& .
S \ 0.4 1
a
= 0.2
0.001 S
g 001 1
: T
o GE & 2 3 4 5
------ . Wavelength / A
Ayyin~ 0.5A Ao~ 6A
©
0.000} A Optimum flux 0.8A-3.5A
1 l A (A) 10 Obtainable flux 0.5A - 6A +
6 g 5 Wavelength A=05A A=4.0A
10 n/ S 0le 10 n/ S 10 10 n/ S Detector Position 20 Max 26 Min QMax (A") Q Min (A-1) | Q Max (A-1) Q Min (A-1)
Back scatt. 172 92|( 25,0707797 18,0784479] 3,13384746 2,25980598
5 5 Low-Q 90 10}( 17,7710076 2,19039813| 2,22137595 0,27379977
rescoped 172 10]| 25,0707797 2,19039813| 3,13384746 0,27379977

a time (ms) 1 2 3 time (ms) 1 2 3
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2D Detector & Rescoping

High Resolution + High Flux Q=4m Sin(B) / A

1es HEIMDAL bi-spectral switch spectrum at sample

—— reference
1.4 4 —}— step 1
—— step2
1.2 —}— step 3
—— step 4
Yy 1.0 —+= final solution
0 -O l w 4”6‘ 4
a =
= 08
AA/A Ongl L g0
g \ ks
a
_g 0.2
0.001 3
g 004 1
S :
>?....-p &b ' ’ wavelengt:/A ) ’
Ayin~ 0.5A Ayax~ 6A
©
O'Ooob As/s Optimum flux 0.84-3.5A
x I A(A) 10 Obtainable flux 0.5A - 6A +
Wavelength A=05A A=05A A=4.0A A=4.0A
Detector Position 20 Max 26 Min QMax (A") qMin (A-1) [dMin () dMax (A) |QMax (A-1) Q Min (A-1) |d Min (A)  d Max (A)
Back scatt. 172 92] 25,0707797 18,0784479] 0,25061787 0,34755115] 3,13384746 2,25980598| 2,00494293 2,78040918
Low-Q 90 10| 17,7710076 2,19039813| 0,35356382 2,86851291| 2,22137595 0,27379977| 2,82851054 22,9481033
rescoped 172 10} 25,0707797 2,19039813| 0,25061787 2,86851291

3,13384746 0,27379977

2,00494293 22,9481033
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Spin Caloritronics ? (ess) E5

A New Spin on Old Physics

Heimdal Early Science Impact

Spin
Seebeck
Effect

Seebeck Effect
Peltier Effect

all Efec’r
1879

spintronics thermoelectric effects  goopeck Effect

1822

Interconversion of heat,
charge and spin currents

spin caloritronics Spin
Spintronic + Thermoelectric Peltier
Functionality Effect Peltier Effect

1834



Spin Caloritronics (ResFe50;,)
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Neutron X-ray Synergies -> Spin Caloritronics ((ess))) Soniiarion

XFEL: LCLS

Neutron Single Spin Seebeck Neutron Spin Echo XPP: Heat Dynamics
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Science Cases

High Angle only:

92-172°

Low Angle Only:

10-902
(1-819)

High resolution, Bond-lengths & PDF
Excludes large & magnetism
Q~2,21-25.0 At

Length scales d: 0.25-2.8A

Large d-space materials & magnetism
Excludes High resolution & PDF ?
Q~0.27-17,7 At (0.03-16,3 A1)
Length Scales d: 0.35-22.9A
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c [ T T T T
P I Measuremelwt ——— Simulation Magnetic & Nuclear 1.6 K
@100k | CaMnTeOgz) —— Difference
O
= of o v o ) A

1 2 Q@) 3 3

| (cts/s)

Magnetic Only 1.6 K
Refined Moment = 1.39(1) uB

Qmin (6A) 26 =92¢°. ~1.5A
Qmax (0.5A) 26 =172¢2 ~2.5A

Qmin (6A) 26 =102 ~0.2A™
Qmax(0.5A) 26 =902 ~17A1

Qmin (6A) 26 =302 ~0.5A"
Qmax(0.5A) 26 =1202 ~21A"!

Scattering vector x A
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Large d-spacing e.g. MOFs /

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

C: PHYSICAL PROPERTIES OF MATERIALS AND INTERFACES | August 16, 2023

In Situ Neutron Diffraction of Zn-MOF-74 Reveals
Nanoconfinement-Induced Effects on Adsorbed Propene

II_I Ri’T' 1 3 A | B e R e ) Pl e B Structural and Dynamic Studies of Water in Mesoporous Silicas using Neutron
} —— Zn-MOF-74 Scattering and Nuclear Magnetic Resonance
- —— Zn-MOF-74-1
3. — Zn_MOF_74_2 Article in Journal of Physics: Condensed Matter - November 2004
L) —— Zn-MOF-74-4
£ Zn-MOF-74-6
" ——— Zn-MOF-74-8
5 2.4 —— Zn-MOF-74-8_1K
g . .
£ f -
; :




Fixed 2D Detector Position @)

20=920-172¢° 20=109-90¢ 20=309-120¢°

Qmin (6A) 26 =922, ~1.5A Qmin (6A) 26 =102 ~0.2A" Qmin (6A) 26 =302 ~0.5A"
Qmax (0.54) 26 =172¢2 ~25A Qmax(0.5A) 26 =902 ~17A Qmax(0.5A) 26 =1202 ~21A!
PDF & High resolution. & PDF & High resolution. & PDF & High resolution. &
Magnetism & large d-spacings & Magnetism & large d-spacings & Magnetism & large d-spacings

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



2D Detector & Rescoping ((esﬁ)

STAP Advice:

(1) Rescope 2D detector 1sr-2sr before HC&FS mid 2027.
- Need agreement with NSS to start procurement now (after 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 position? 90-172? 10-92? 30-120?
PDF / Magnetism etc. science cases.

No extra cost or delay risks.

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

Progress with Swiss Neutronics

Proposed solution

1. BWI: Installed 24/06 A 5
2. Long Straight 1: Fabricated, FAT accepted, b | gl e e
to be delivered to ESS expected soon. o= L

3. Long Straight 2: Fabricated, FAT
documentation received.
4. In-Bunker : SubTG3 planned 14/11,
documentation @ESS for review
5. Merge Chamber and final focusing section:
Detail design ongoing
6. Split Chamber: Detail design ongoing

Cold Guide Option-2
(~35m) 464 k€

long Straight
Section

Thermal guide

7. Cold Guide SANS collimating section Cold guide

redesigned using reflectors.

Bunker Section
(BWI included)
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IF" FregyTech Experiment Cave ) SR,

| Energy Technology

Mirrotron: New PDR.

Integration review ESS
October 2024.

8M SANS cave
Extendible to 10m
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' FL" o AW Experiment Cabin @ B} SEn,

Decided to go to new tender to optimize costs

ESS FM 200k Euros.



Heimdal RISK Register (ess) s

Dedicated resource added for the cave.

ESS (Dan
RISI? to S.chedule due to lack of High w-orkload on Engmeerlng and documentation for Mannix & £ss o Avoid 8
Engineering resources TG3 milestone. RISK to delay in TG3, and TG5 Susanna
Domeij)
Technical writer support proposed by PSI
Heavy documentation workload period to make TG3 3
RISK to TG3 milstone delay due to lack v i PSI (Artur on PSibudget

milestone. Can be resolved by using a technical writer .
of Resources Glavic)
proposed by PSI

ESS Open Avoid 9

Currently no resources availiable at DMSC.
Issue to be brought to higher level.

Rist to delay of SOUP due to no resources to work on Mikhail
Instrument software X ESS Open Observe Recruitments required at DMSC?
instrument software at DMSC Feygenson
Predicted costs of CUP/CEP greater than
Risk to cost overspend on IFE budget or reduction in . budget. Find funding or trim scope?
Cave Infrastructure CUP/CEP science scope of instrument due to cost of CUP/CEP IFE (Bjorn ESS Open Reduce
overspend on IFE budget Hauback)
Priortize AU comitment to engineering
Risk due to scope not being contracted and uncertainties scope. Find solution to continue personell
RISK of overspend on AU budget in cost. RISK also due to extended Salary costs on AU g:rl(s“tt:inns) ESS Open Avoid resources funding.

budget.

Engineering and technical resources added -> RISKS Reduced

- Nothing changed at DMSC on software? IFE Budget ok for now! Au Budget & resources in discussion
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Summary @( 5)) B
—d
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-24&3 instruments: Final TG3 Q2-2025. T65 mid 2027

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

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 15* science 2027 ?

Do we work o 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?
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