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NMX Scientific case

“Small” crystals : 0.2mm to 5mm Quasi-Laue time of flight diffractometer

Primary scientific case: Macromolecular
] _05mm_ crystallography

Compared to X-ray:

© Hydrogens are visible
© No radiation damage
® Large crystals needed

Oksanen, E et al. J. R. ;
Soa Interface 2009, 6 ® Data.collectlon takes.weeks
Suppl 5, $599-610. ® Few instruments available
Beam property min max
Beam size 0.2mm x 0.2mm 5mm x 5mm
Wavelength 1.8A 3.55A
Max divergence 10.2°
Sample-Source 157.6m
distance




NMX project status
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Phase 1 - Preliminary Engineering
Design and Baseline

Decision
ove forwa

Approved
Baseline
Design,
Cost

Phase 2 - Final Engineering
Design and Installation Plan

Engineering
Review

and Schedul

Phase 3 - Construction
and Installation

Safety System
Review

I

Courtesy : Rob Connatser

Phase 4 - Beam Testing
and cold Commissioning

Readiness for
“HOt"

“Hot”
Commissioning
and Operation
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NMX project status: Phase 1

ESS Instrument Construction Proposal
Macromolecular Diffractometer

ESS Instrument: Esko Oksanen =3

ESE Partners ko Okaanen =3

Document Ken Andersen =

Document ivver Kirsein =

Visting mivess: £55, Turaigen 24

Baseline Documents:
Instrument Work Package Specification
P&ID of Instrument
Schedule
Budget
3D CAD model of instrument envelope
Technical Group design documents
Work Unit documentation
Product Breakdown Structure
Concept of Operations for the instrument
Requirements List
Staging Plan
Draft Commissioning Plan



High level scientific requirements

1. The instrument shall allow data collection from crystals with unit cell
repeats > 300A.

2. The instrument shall allow data to be collected to a dmin of 1.5 A.

3. The instrument shall match the size of the neutron beam to the size of the
sample.

4. The instrument shall match the divergence of the neutron beam to the
mosaicity of the sample.

5. The instrument should maximise the signal-to-background (S/B) ratio of the
Bragg reflections.

6. The instrument should allow data collection from crystals of < 0.01 mm3
volume

10. Sample alignment stroke

10.1. The SPS shall have £10 mm stroke to position the sample in intersection of the
sample rotation axis and the neutron beam axis.

10.2. Rationale: Samples can be mounted on pins and capillaries of widely varying
length (see ConOps) and they need to be positioned at the beam center (see
13.6.4.2(1).

10.3. Verification: Test



NMX - Summary Construction Schedule Key — Key Milestones and Tasks

1
1
Bunker Design Concept Bunker detailed Design Early Aiccess Full Access to Sample Storage
(] Review Review Jun 16 to Halli2 (CF) An Place
0 Start of Bunker |
=0 Feb 15 /\ Concept Design | Detail Design Procurement Jul 16 Early 4ccess Mar 18 Jun 19
TE to Hall}3 (CF)
c3 i ! A
£d Se;r: nf);tlga;{ctlon A_ Early Access to ) ) i
X Y Jun 15 N.G Hdll (CF) Guide Bunker/Monofith Vessel ready for installation of
i) un monolith insert (Target) Aug 18
O Dec 16 Aug 19 Dec 19
= TG2 TG3 A > TGS
Dec 14
Ready for Chopper » ) :
Procurement Aug 15 Y Integrated design A Jul 17 Beam Delivery Sys Installed Sep 18
0 A Jun 16 review detector
s Ready for inside Bunker Beam Exfraction Installed Sep 18
q>i shielding design
v 0 for Guid 1 Chopper Sys Installed Sep 18
Ready for Guide
Procurement Sep 15 F'X Neutron detector Detegtors Installed Oct 19Z&
I mech. Spec. a
o) l
§ )] Design A
z|°] ] i i
o Al : : ]
E Procurement and Fabrication |
I A [ 1 | ! |
= v Y :
Jé Installation A
— | —
o | Cold Commissioning
O
ol 8 N
0 | & [ Chopper System Development — small rotor, chopper control & chopper handbook
2| L i i
9O — i !
S .. .
g 8 ESS Integrated Shielding/Optics development /\ﬁ
|_ —
£ s Std List of MC A MC integrated in EPICS - Ready to use Jul 16
g s Components Aug 15 AN
J —
=}
[0} +
S 8 Detector Systems Development Ready to deploy B-GEM & GD-GEM - Decl16 AReady to deploy GD Coating — Apr 18
1 1 1
I i | Ready for
Data Systems & Tech - Requirements & Design Procurement & Install of equipment for server rooms - Lund & Copenhagen integrated ntegrated.SW fgr
i i i data systems t Commissionin
i i i testing Dec 18 Integrated data
[0} Data Management - Aggregator/Streamer/Filewriter/Cataloging - Iterative Development systems Cold
g ! 1 i Commissioning &
[a) ! 1! | beam testing
Instrument Data - Control Interface/Data Reduction - Core Activities and NMX/Diffraction specific - Iterative Development NMX Customisation
T T 1
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Partner institutes:

= Wigner Research Centre for Physics
Neutron guide system (Through NOSG)
Chopper system (Through NCG) m I En E r

Secondary Shutter
Manpower

[l LLB/CEA/CNRS IBS Grenoble

Detector positioning system
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Baseline Layout

NMX in one of the possible port allocation

Shielding Bunker

Neutron guide
hall

10
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Baseline Layout

Moderator
Target insert

Not in scale!

Light shutter
In Bunker neutron guide (curved R=1.2Km)

Secondary shutter 1
Wavelength selection chopper (single disk)

Wavelength selection chopper (double disk)

1S

Xp. cave

______________________________

Target
vessel

__________________________________

1 T T T I | T >
02 5.5 30 32 80 154.5 157.6 .



: Wavelength band Beam size Divergence
Beam properties at
sampleposition 1.74 A (1.8-3.55 A) Smm x 5 mm (max) +0.2° (max)
. Start End Height Width Horizontal Vertical .
NCURED) (=S (m) (m) (mm) (mm) Geometry Geometry Coating
Extraction 2.0 6.0 30 to 45 30 Straight Lin. tapered m=1 sides; m=2 top/bottom
Inside Bunker 6.0 31.5 45 30 Curved R1.2Km Straight m=1; m=2.2 only outer side,
Outside Bunker 31.5 154 45 30 Straight Straight m=1
Frame overlap mirror 1.2° inclination in vertical plane, m=1, substrate
""""""""" . Endstation \
: | ; 4
\ 1
] [
Target | i r.}i
_..vessel _ iBunker | Exp. cave
— > —>




Baseline Layout

Courtesy: Naja De La Cour &
Markus Andersson (ESS)

Shielding section 3

157.6m Sample position
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Chopper 2 casemate

Shielding section 2 ( Neutron guide hall)

Shielding section 1 (Hall 2)

Chopper 1 /secondary shutter casemate

Portion of Shielding bunker

Target area

0 Source

31m Secondary shutter
32m Chopper 1

80m Chopper 2
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Baseline Layout: Shielding




Baseline layout: Experimental cave
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Baseline layout: Experimental cave

8000
500 5000

3250

1200
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Baseline layout: Experimental cave

Simulations are being carried on by Concrete blocks to fill the
Valentina Santoro of the ESS NOSG the space in the shielding
To properly specify thicknesses and bunker

materials specifications.

Metal cans filled
with borated wax

Chopper casemates,
Pre-casted concrete
elements

Concrete culverts,
pre-casted.

18
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Disk diameter 700mm

Rotating frequency 14 Hz

B4C resin-epoxy coating.
Single disk at 32m
Double, co-rotating disk at 80m

150

125

100

50

3 &

1.8-3.55 A nominal bandpass

Courtesy of: Markus Olsson (NCG)
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Endstation

Detectors and
positioners

Sample positioner

Second sample
positioner and
sample
environment

Beam geometry
conditioning system

20
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Endstation

Slit 2
Sample shutter
Pinhole collimator

/’ Robotic goniometer

Vacuum tube with fixed
collimation apertures

Beam-sto P

21



@ cyroreay
Endstation

Arbitrary orientation of spindle axis in the lower hemisphere.
Limited S.0.C. <0.04 mm rms during rotation.

Sample changer capability

Minimized user interaction with Exp cave hardware.

G-Rob at BM-30A FIP (ESRF)

Contact: Jean-Luc Ferrer (IBS Greoble)
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Detectors

* Dorothea Pfeiffer (ESS/CERN), Richard Hall Wilton(ESS)

GEM Foil

Three detectors of 600 mm x 600mm active surface. e
technology developed at ~ S588

Expected spatial resolution 200pm using uTPC o Lt

Typical geometry:
5 um Cu on 50 xm Kapton
70 pm holes at 140 mm pitch

241AmBe

B4C

8 mm

2 mm
________2mm
________me

Triple GEM with Gd203 coated cathode =
100mmx100mm prototype
P yp The uTPC method: improving the position resolution of neutron detectors based on MPGDs

Courtesy of: Dorothea Pfeiffer D.Pfeiffer et al. 2015 JINST 10 P04004  doi:10.1088/1748-0221/10/04/P04004 23



Detectors

* Dorothea Pfeiffer (ESS/CERN), Richard Hall Wilton(ESS)

Three detectors of 600 mm x 600mm active surface.
Expected spatial resolution 200pm using uTPC

[ 1 S 1 4

50,00

660,00

Triple GEM with Gd203 coated cathode W box =T

Courtesy of: Dorothea Pfeiffer



Detectors

Example of detector positioner based on Staubli robot

Preliminary design to start in
September 2015
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Performance Min Max
Sample detector distance 0.2m 1m

Hor. Plane 20 angle -165° 165°
Vert. Plane Upper hemisphere

Collection only on upper hemisphere.

Industrial components with high reliability

Scalable system (more detectors / heavier detectors).
Technical risks are compensated by large flexibility

hée
Labeoratoire Léon Brillouin
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In

Contact: Jean-Luc Ferrer (IBS Greoble)






