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Outline

STAP (charge to instrument teams):
« Status project (scope)

* Analyzer

* Detectors

« Scattering Vessel

« Experimental Station

* In-bunker Beamline

« Out-of-bunker Beamline

« Common Projects & Scope Setting
* First Science
« Upgrade to Completion.

* Project management (schedule, risks)
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Analyzer system R

MIRACLES analyzer consists of:
* 2-spherical monochromator of radius 2.5 m,

* 12 spherical plates (6 plates for the top set and : =
6 for the bottom set),

1032 Si(111) wafers, 6 in. diameter, cut into |
hexagons, with ~700 um (like DNA, IN16B, EMU, Je

: .
Spheres,...). ﬁ:ﬁ 3

) ) Radial collimator
* The Si wafers are pressed and directly glued

onto the curved backing plate.

The Si crystals forming the analyzer will be coated in the rear part with Gd203 paint, thus, suppressing possible
background neutrons scattered by the glue or the analyzer panels/supports/structure.



Analyzer system €rs

The mechanical assembly of the analyzer is in the manufacturing stage (an early manufacturing process of the panels
was carried out.

(Left) mold (Right) one of the panels of the analyzer.



Prototype analyzer RS

( PDR MIRACLES Scattering System: a systematic study is desirable[...] “If
the team plans to test the neutron reflectivity for different wafer thickness

this probably needs to be done under realistic conditions and might rrom BATS to MIRACLES: Paving the way for European
. . ” high-resolution neutron spectroscopy
require a backscattering spectrometer.
O STAP 2021: “More information would be desirable concerning the Prof. Dr. Frank Schreiber

Eberhard Karls Universitit Tibingen

analyzer crystal assembly (a prototyping had been suggested a year ago)”

. . .
SVStemat|C StUdy IS under Way High-resolution neutron backscattering spectroscopy benefits from substantial technical

progress in recent years enabling new types of experiments. These include for instance
- measurements accessing hierarchically superimposed diffusive motions on the nanosecond
A X4 PrOtOtypes time and nanometer length scale in a wide range of complex materials and fluids. Accordingly,
the demand for beam time is very high. This project aims to add new capabilities and strengthen
the European landscape of neutron backscattering spectroscopy by (1) ensuring reliable
Q:Q M easu rements SChEd uled by 2023 chopper operation of the BATS option on IN16§ at the ILL given the hilgh radiation loads and (2)
by extending backscattering analyzer techniques at low scattering angles. These new
capabilities will be established with demonstration experiments on IN16B at the ILL and will

° H . _ enable backscattering spectroscopy in the most reliable user operation and in the widest
Th ICkneSS' 575 1250 l.,lm possible range in energy and momentum transfer. Work package (2) will moreover enhance the
° Su rfa ce: etched VS. as_cut synergy with the MIRACLES team at the ESS.

e Method: CZvs. FZ

After purchasing the support structure and the silicon wafer material, the collaboration between
IN16B and MIRACLES will continue with the process of crystal preparation, coating their back
. side with a neutron absorbing layer and gluing to the panels. Careful choice of the crystal

. L]
A CO“abOFatIOH. parameters, coatings and assembly of the structure are vital parameters in achieving the

y / desired energy resolution with optimum flux and minimal background. Realisation of this task
' will coincide with the preparation of prototype analyser panels for MIRACLES by ESS Bilbao. By

participating in the subsequent commissioning phase, the MIRACLES team will get the
NEUTRONS 1 ao opportunity to test their prototypes under real operating conditions in the IN16B spectrometer.

FOR SCIENCE This will help to prove the suitability of the chosen MIRACLES analyser design and contribute to
the optimum performance of the future spectrometer at ESS.




Prototype analyzer RS

The performance of the spectrometer, in terms of energy 1E400
resolution and flux, depends critically on the features and the
assembly procedure of the Si(111) wafers. 1£-01

A systematic analysis, that includes prototyping and testing,
prior to manufacturing is essential to validate the manufacturing
and assembly process of the analyzer.
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Prototype analyzer

Gr=

For the experiment, 10 panels distributed in 2 prototypes will be
mounted with different Si crystals samples each, distributed into
distinguished areas, onto spherical surface with a radius of 2000 mm.

140

30

20

0

5 10 15

A vertical distance of about 45 cm between the plates, and we got
the detector image nicely separate.

PANELS

Czochralski (CZ) or Float Zone (FZ)

Growth method (FZ only for the 700 pm)

Orientation <111> +0.1° (+0.05° best effort)

Thickness 575, 700, 1000 and 1250 pm

6 inches (=150 mm)

Diameter
Hexagonal shape

Surface treatment | SSP / etched or as cut

300mm

400mm



Prototype analyzer €R

Two prototypes are being manufactured to validate
the Gd paint coating procedure and the gluing
procedure as well as to evaluate the effect of different

fabrication conditions of the Si crystals.

The absorbent coating paint that will be used is from
ZYP: Type G. Type G is a Gadolinium Oxide coating

which uses very high purity (99.99%) Gd,0O,




Prototype analyzer

The thickness of the Si wafer is measured using a height gauge TESA-Hite

Magna 700 at several points in each hexagon, mostly at the edges and
corners.

* Thickness checked before and after painting.

* Deposition of the Gd,O; paint in the Si wafer with the spray gun.



Prototype analyzer

For every coat (every pass) an average coating of ~40 um is achieved. Hence, two passes are needed to achieve the ~80
um required.

Thickness (mm)
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L —&— Si + 2 coatings
0,900 —e—Si + 1 coating
' | —&— Si measured without paint
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Prototype analyzer €R

Gluing test

A curved surface (2000mm radius) with similar configuration of the IN16B panel will be used for to test the gluing
process.

BN

i Example of a possible
distribution of the glue
in the Si surface.

pieza composite concava
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Detectors

*» Horizontal coverage: [9.48-165]°
* R=230 mm;
* 96 detector tubes

s Active length AI=150 mm

s Diameter @=12.7 mm

% Pj.=8atm

o Mlnlmlzmg gap between tubes: ~0,5 mm

‘ SY5527 (Power Supply Unit)

tubes in series A7030 board
(Power Supply Line)

Fig 3. Schen of the front-end elect s for charge-division.

NN ERETR ISR | A1422C (Charge Sens. PA) *

Board of 24 channels (x 2 = 48 channels).
4 channels for every PA =6 modules/board  “Low cost” version with 4 slots is available (NEW)

R5560 (ADC + Modular Readout) ‘

DT5423
(Desktop Linear
Power Supply)

To supply the PAs

8 channels 128 channels

\ @ Reuter-Stokes

N
L)

PSD

Digitizer CAEN R5560 (128 ch)
Multichannel preamp

CAEN HV supply




Detectors & Front end: experimental

3He tube pairs U-shaped prototype

Preamps CAEN

Tests at UPM (Am-Be source 2 Ci)
« Validating U-shaped detectors
* Choosing the right preamp
» Checking frontend

POLITECNICA




Multichannel Preamplifiers

« 8-channel PA « 32-channel PA (1 same HV supply)
» Customized signal output (RJ45) » Signal output RJ45

« Compact design (ideal for MIRACLES) * 19" rack unit (2U height)

« Total gain: ~2 V/pC « Total gain: 2.25 V/pC

* Already available since 2010’s * In the market since September 2022

(@@m@%m@
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Multichannel Preamplifiers
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Preamplifiers: results

Comparative R1443 (Flat Top: 200 ns) vs. A1422C (Flat Top: 100 ns)
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Preamplifiers integrated in MIRACLES
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Integration DMSC-MIRACLES
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DAQ chain, from detectors to data management:

Starting with ring allocation & digital mapping

Geometrical resolution 64 discrete units

A
pos(A,B) = ——
A+ B
A B tp0 p23
J_ 1(0,0) [e o| (47,0) 28
T 127
i upper bank d
3025 (0,63) | o| (47,63)3072
r 3073 (0,64) | e | (47,64)3120
i lower bank d
v 64
n n+l 6097 (0,127) | ® eo| (47,127)6144
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CO Al QUAD CAMERA™ &




Integration DMSC-MIRACLES WER2 =

e Digital Twin: connecting the MIRACLES McStas simulation to procs Pesls  Ewefs: 0 Acoapfe: 0 Dacardje: 0 Gradient: ot
the EFU, through Kafka and into a consumer that provides
live visualisation of the detector image and 'TOF“

e Early integration: Eventhough neither the instrument model, .
the detector tubes or the EFU are complete this allows us to
validate the full acquisition chain.

-
&
SpUNCT

. . . L o
* |tis only a small step to also provide a Nexus file so that we 3 8 E E g
. . . . x
can extend the integration to include data analysis.
Clear Lag/lin Grad. I Guit
O Produet Solutions Open Source e saninl e o e e e e o e e A o o i A i o e v |
[ ess-dmsc/ instrument-udp-readout  Public L1 Notifications % Fork 0 77 star 0 Desc.: TOF Evig/s:. 0 Accepl/s: 0 Discardfs: 0 Auto scale X: on Aulo scale Y. on
<> Code () Issues 11 pul requests ® Actions B Projects @ securi ty |~ Insights E T T :‘I T
- -
BO | g 1
¥ main ~  instrument-udp-readout / miracles / Go to file E 4 JoF 5] - .é
o gl LTS :
e mortenjc added lastest model, support for enable/disable debug print in Broadc... - 25e3bsb on Feb 1 O History E 40 ;— g 1 Hl Lt : | —;
E 30 ;_ |:.-|_L_ i e 1 ol |.' _;
mmitting latest change: 2 months ago 20 A o I-l T 4
5 i IE] ]
[ ESS_MIRACLES v8_3.instr committing latest changes 2 months ago 10 - r -F'h-"'“' ; 2
£ L 1
[ ESS_MIRACLES v8 9.instr added lastest model, support for enable/disable debug print in Broad a 3 | .“..l" i i L | L \
=1 B oo ] — :}
[ Event_broadcaster.comp added lastest model, support for enable/disable debug print in Broad g S E 8 g
[ Makefile added lastest model, support for enable/disable debug print in Broad 8 g 8 E s
™ READMEmd added miracles TOF {us)

Clear Logiin Auto scale X Auto scabe Y Quit
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Scattering Vessel

v’ Design complete and approved: in production

v" Access to sample area incorporated

v’ Deflection at sample position: £ 1.5 mm (vertical)
v’ Steel 316L (in agreement with Polarization Analysis)
v Vacuum <1x10-3 mbar

> FAT: Q1-2024

Total Defarmation 2
Type: Total Deformation
Unit: rm

Tirne: 2

0.0016193 Max
0.0014544
0.0012895
0.0011246
0.00095067
0.00072475
0.00062 934

0.00048492 1.3248e-003 i .
e P N

0.0003 1,3265¢- 003

5.7958e-7 Min T
1,3325e-003

e )

0.750 2,250




Vessel shielding

O Shielding: Cd plates and flexible B4C
O Detector shielding: 5 mm B4C / 1 mm Cd (on the detector side) [Thanks Rasmus!]
O Tender: Q3-2023




Radial collimator: design

+*» Horizontal coverage analyzer: [9.48-165] ° + 3.24 °
s Slit size: 3.24 °
s Vertical coverage: [-22,+22] °

% Width of a lamella: 25 pm Gd,O, + 100 um carbon fiber +
25 um Gd,0,., rugosity: ~0.8 um

** Mechanical assembly:

** Frame & structure: Al
+* Motion:

** Crank-shaft mechanism

** Frequence: 0.1 Hz —~
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Cave design

* Preliminary design & structural calculations A FE—
{ T f—
N | |

e Too large and too heavy: need a second round |

* Reviews (IDR & CDR) after summer

e ; TOP
0,
00 1 &2
0
oo 27
0,08/0,69 00 nA7 op)
050099  2,24/333
E‘—"_Wﬁm 04
{;7 0,0
48,97
B 33
22,18
0,01
MXX+ (W&A), (kNm/m)
Automatic direction

Cases: 2010203

7
. TOP

Automatic direction
Cases® 20110203






Sliding slab

* Concrete multiblock slab (15-20 Tons)
* Guided by railed guides.

* Gearmotor which will move the load along the HEPCOMOTION MHD
rack and pinion element.

e Connected to PSS & Shutter




=]

a0

[=[=]

t
£

After several iterations with ESS Facility Management,
agreement is closer
Expensive, a more modest room is expected

Control Hutch
Reviews (IDR & CDR) after summer
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In-bunker integration

LJ

i % «
T
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In-bunker integration

Choppers Rnnoa
In-bunker guide
BWI == S-DH

Infrastructure s
Guide housing alignment & supports €SS
Coordination €SS

VVVYVYYVYVY

F. J. Villacorta, et al., Quantum Beam Sci. 6, 3 (2022).



In-bunker housing alignment system: repeatabil

v" Remote handling

v" A mock-up guide of a guide housing on a support that
already exist was assembled and tested

v Kinematic reassembly of the system is achievable on an
approx. average of 0.030 mm with a maximum deviation
observed of 0.058 mm.

P4 repeatabillity

0.048

0.060

0.040
0.034

0.020 0.011 0.013
0.003
0.000
0.008 0.012
0.002
-0.020
-0.027
-0.040
MEASURE 1 MEASURE 2 MEASURE 3 MEASURE 4 MEASURE 5

==X =@=—dy =O@=dz
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Out-of-bunker beamline

Guide | T I T
* CDR May W ;
* Frame overlap mirror S

L] B =
Shutter |

e Design approved. Materials purchase

Chopper
* In-production

Beam Monitor BM2
e Space allocated




Instrument Hazard Analysis

Radiation Hazard Identification Risk Estimation and Reduction
. . . . . 1 2 3 1 5 2 E] 10 11 12 | 12
* Listing Radiation & C t | H d
IStINEg Radlation onventional nazaras
- Likelyhood
° Ti ds 2"d draft [Thanks P / o
owaras ra anks rascaie nstroment [Instrument| Cousef | person . o | perve : : Actions to Mitigate isk
Building| Maode . Source of Hazard | Mode {From Severity Likelyhood*Severity
E Task Category) { 1
oo .
* Input for Hazard Identification Workshop e esaoco0o
- - - - - - - - - - - -
& P S S Aecess tothe Aetivated M a) Shielding and barriers ta prevent
Fiimeny buriker during | Exposed instrument access tothe bunker area beyond
003 Specvame|(ET LS q Praton beam | maintenance worker without| components. H1 dose < 2 mSvlevent where the work takes place
ver Off radiation ChoppersiGuides! 1 b) Signage.
safety task Monitors
Aecess tothe Aetivated M Radiztion = afety training required by all
bunker - Eunosed instrument workers prior to accessing site. Badge
Primary Frotonbeam Barriers and " oFr‘ker without| S2MPanents. H3 access only. MIBACLES =taff and
oo3 Spectrome | Bunker 2 O signage radiation ChoppersiGuides| 1% 10-3 2« dose < 10 mSwievent users do not have access. Managed
ter disregarded - — Monitors by bunker risk assessment.
Ess M ' RAC LES Sam pl e at 1 6 2 m X M Radiation .safety trainins lec!uired by all
workers prior to accessing site. Badge
reerits. H3 access only. MIBACLES staff and
arsfGuides 2 ¢ dase < 10 mSulevent users do not have access. Managed
1x10-3
5 bu bunker risk assessment.
Shutter-Chopper pit
Radiation Hazard #: ionising | Ni& Check of bunker priar ta clasing. Audia
30-51 n Ha and visual alarm pricr to proton beam
1% 103 dose > 20 mSwevent opening. Emergency stop of proton
beam.
-~ - - ' ‘ - ’ ionising il Check of bunker priar ta closing. Audio
~ -~ n and visual alarm prior to proton beam
- - H4 dose » 20 mSwlevent i E F
o s v 1%10-B Epenlng. mergency stop of praton
it h ------------------ ------\-...{--------- 9 S3M.
y y A k iomising M Radiation safety training required by all
i ‘ i in He dose s 20 mSwlevent workers prior to accessing site. PS5
‘ . . ‘ ‘ ‘ t ‘ J 1% 10-5 lock of bunker.
' ' / ionizing | Ni& Radiation safety training required by all
h . n H3 dose s 50 mSweuent workers prior to accessing site. PS5
Bunker D03 {out. bunker) E02 (ups. shutter) E02 (downs. shutter) EOL: D=3 lock of burker.
Radiation Hazard #: Radiation Hazard #: Radiation Hazard #: Radiation Hazard #: Radiation Hazard #: Bnfom | A Guide shielding to achizve radiation
1-7 8-17 18-29 52-73 74-96 nents Hi levels equal or less than 3
% 2 3 2 3 dose ¢ 2 mSulevent microSviyear on touch. Pit prevents
Convent. Hazard #: Convent. Hazard #: Convent. Hazard #: Convent. Hazard #: Convent. Hazard #: 1 raciation with beam on but this is with
1-26 27-35 32-54 55-102 b

Monolith Bunker
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MIRACLES: NSS Common Projects

ESS Common Project MIRACLES Status

Involvement
Beamline Shielding In Preliminary design ongoing
Beam Monitors In Project Frozen
Choppers In (racks only) Racks at ESS
Electrical Under discussion | Requirements document ongoing
Utilities Under discussion | ~cauirements document agreed,

waiting for offer

AR

A

MIRACLES Distribution Board

Baseline DAQ for BMs in the Utgard

M/ \\ \ EUROPEAN
eﬁ) | SPALLATION
A\ /// SOURCE

The two MIRACLES Chopper racks




NSS Common Shielding Project (MIRACLES Beamline)




NSS Beam Monitors Common Project

* Project frozen, but will progress with new PL [and Daria]

* At the moment, the idea is only to get focused on the in-bunker beam monitor (BM1)

BM1
BM?2

BM3 BM4

Bun_ker
wall D03/E02

wall BW/FO
Chopper

PWD-PS
Choppers

PWD, PSC pulse mode 100 nm 10B4C or |ESS/ADC none,
1 |bunker diagnostics 80 x 60 air N TBD ionisation chamber I-BM| <le-6 |[0.13 mg235U02| 100 KC705 sealed
interm | BW, FO chopper

2 |ediate diagnostics 110 x 130 air N N/A GEM <le-5 GEMINI NI N2+Ar/CO2
pre-sample/ vacuum (le-3 ILL/ADC1 none,
3 cave normalisation 30x 30 mbar) N N/A MWPC <le-3 00 KC705 sealed
vacuum (1e-3 ILL/ADC1 none,
4 cave post-sample 100 x 100 mbar) Y N/A MWPC <le-3 00 KC705 sealed




Polarization Analysis Capability

v' Good timing between both projects
v’ Integration of PA components done
v" Conceptual = Preliminary design
v Swedish IK contribution

T —

A 317x107

*He cell
Good uniformity
Gradient < 4E-5/cm




CCR & 3He cell

Agreed with Hal:
* For cold neutrons, the 3He cell is about 60-70 mm “deep” (sector with radius 135-205 mm).
* Athin-tailed CCR (diameter <100 mm) can help; here we represent one with 200 mm.

* Swagelok ports 6 mm are needed in the flange.
420 mm

200 mm

Swagelok 3He 6 mm

(=205-135) mm

v ,w
L,

e ::)

420 mm

\%



Scope Setting: Sample environment equipment list

Essential on Day 1:

* CCR

 Humidity chamber

e Automatic sample changer (6-8 samples)

Essential:

e OC/ cryofurnace (with dilution insert option)
* Furnace

* Cryomagnet

e Electric field polarization

* Pump probe laser

* Electrochemical cell

e @Gas process handling

e High pressure cell

Good to have:

* [In-situ Raman-QENS
« DSC

* Biofurnace

» MIRACLES will have a dedicated CCR.

> The CCR will be the workhorse SEE for MIRACLES
(3-300 K). Option to 600 K.




Humidity Chamber

e TemperatureT=10" C-80" C
(Commercial: 102C-602°C)

with stability dT = =£0.01° C,

e HumidityrH.=0% - 100 %
(Commercial: 5 % - 95 %)

with stability d(r.H.) = £0.1 %

Commercial manufactures (Anton Paar, Hiden, ...).
The port and slit can fit perfectly in the adaptive flange

Svstem Vent i
—M
0.1 bar Absolute
Computer Controlled
Meedle Valves
i—. — 4@ samole |

1.0 bar Absolute ﬁ 5:—\ Iré 1 o

—0 o —— '_'.?:‘
T :,:em o - f=] f{ \,' F=
=] A=

ISOMETRIC VIEW (NTS \ \;}

Reservoir E } \F_—:u-_c_-'-’_@__,y ':.___-.-
T 'x_q;_ —_ _. -
EXPLODED VIEW [NTS) ——— e
b¥ &

<200 mm




Furnace

* Top loading Al-Nb
¢  Minimum Temperature range: 300° C-—1500" C
* Photos (Left: ARCS) and (Right: ESS UK IK ISIS-SE and company AS SCIENTIFIC)

Heating Power

120

To Turbo Pump
p il " b

(L]
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an 3
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Pump-probe laser & Electric Field Polarization

 Electric Field Induced Polarization Effects Measured by in Situ

External (dimensions are adaptable for MIRACLES): 'Neutron Spectroscopy

M H H M M anna Ignazzi,” Will P. Gates,"® ¢ a . Diallo, ¢ Yu,! Fanni Juranyi*
- Electric field polarization (IK — Italy — F. Natali) e Kot nd Heloos N. BordalapviO o e Yo Fanmd ey

. . s "Niels Bohr Institute, University of Copenhagen, Universitetsparken 5, 2100 Copenhagen @, Denmark
- P u m p- p ro be Ia S e r ( I K —_— E Sto n I a —_— J . P I e p e r) 6 Hnstitute for Frontier Materials, Deakin University, Burwood, VIC 3125 Australia
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Transient Protein Softening during the Working Cycle of a Molecular Machine 15 ABSTRACT: Despite the success of electrical stimulation in : - : "o Noer §
16 many areas, including clay or sludge dewatering, extraction of ‘ . ‘ <0 HigheF =
. . 17 juices from fruit pulp, fracture healing, and targeted drug 1 E
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'Max-Volmer-Laboratories for Biophysical Chemistry, Technische Universitdr Berlin, Strasse des 17. Juni 135, 10623 Berlin, Germany 19 Uﬂ‘“_‘“‘”“ faﬂ’“‘-_w"ile electroosmotic de_"’mﬂng ‘“f_dﬂ‘/" No Electric Field (EF)
2Hahn-Meitner-Institut Berlin, Glienicker Str. 100, 14109 Beriin, Germany 20 particles <10 pm is welllknown, understanding of how tightly
3 . . . . . . .. - 21 bound water molecules are removed from within the clay
Physical Biochemistry, Department of Chemistry, Technische Universitit Darmstadt, M e b ol ek By gy e
Petersenstrasse 22, D-64287 Darmstadt, Germany 33 neutron scattering experiments with in situ electric field stimuli
(Received 13 December 2007: published 3 June 2008) 25 on caleium montmorillonite (Ca-Mt) prehydrated at relative “ E "
25 humidity (RH) of 58 and 85%, we observed an increase in the . .
26  water mean residence time, suggesting that hydrogen bonding High Electric Field (EF) o s S0 100
0.1 27 lifetimes are prolonged under electric field. Assuming that at Ereuysiiel
® 28 these RH most all water present resides within the interlayer
29 space of the Ca-Mt, this result indicates strong polarization of the water by the interlayer cation. This electroosmotic induced
30 reorganization has important implications in terms of ion mobility and aqueous chemical reaction mechanisms.
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Cryomagnet (5 T) : like VM-3 (Berlin)

- Modified orange cryostat (L-He also
for magnets; field upto 5 T)

- Vertical aperture (through slight
modification without affecting the
magnets’ distance: £10°)

- Diameter: 320 mm

5.3 Vertical Magnet VM - 3
Specifications:
Manufacturer: AS Scientific Products Ltd.,
Abingdon, GB
Temperature Range: 1.5K-300 K
with Dilution Insert: 50 mK-1.2K =
Sample Diameter: <50 mm §§§
with Dilution Insert: <40 mm :gz
Split: 30 mm %
Angle: o° ,_:i?;_,
LN--Hold Time: 24 h
LHe-Hold Time: 24 h _ *’"T” Floater
Magnetic Field (max): 5T (symmetric) Sa,:;,e
horizontal Access: Total view 345° (15° dead angle) - Thermometer
Total Thickness of Al-Screens: 2 x ca. 8 mm (no beam-in windows) - ﬁ
Thermometry Sensors: Cernox® —  Toutem
Scheduled Position: E1, E2, E3, E4, ES,
V1, V2,V3, V4

This vertical magnet is a modified version of an Orange Standard cryostat
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MIRACLES First Science

Carrying out one experiment at
different timescales
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MIRACLES First Science

Mobile vs. Immobile fraction & Complex diffusive behavior (molecular crowding):
 Dynamics of water IN and AROUND cells

* Improving drug delivery systems relying on slow dynamics or control of docking

L Test capability of high and variable resolution
O Test INS

1 1
Bulk-like dynamics
Weak interactions
with biological interfaces A 2 3
i non-washed vs washed cells 2 3
Bupivacaine (BVC) Ropivacaine (RVC)
Confined-like dynamics é
Close interactions ‘ s (a) = et
with biological interfaces f: 4 10 1 -B-cyclodextrin
' 7
! 6 BVC 250 K (b)
-1
A - 5 Energy (cm™)
-0.50 -0.25 0.00 0.25 []i50 0.75 1.00 = -2 4
$10 ) 0 5'0 1 ?0 150 2?0 2?0
B washed vs PBS-subtracted washed cells é’ 2
g 1
— non-washed cells E 10-3 0-2
(extra and intracellular water + biomolecules) -
i — washed cells (intracellular water + biomolecules)
' — non-washed — washed cells (extracellular water)
.5, = washed cells — deuterated PBS
S ( niniscent extracellular water)
== Y - T he Y T T —==5
-0.50 -0.25 0.00 0.25 0.50 0.75 1.00
Energy transfer (meV)

. : 5 10 15 20 25 30 35
Phys. Chem. Chem. Phys., 2017, 19, 2702—2713 2 10 L ‘ rn EneTgy (mev)
Int J Pharmaceutics 524 (2017) 397-406




MIRACLES First Science

Fast protein dynamics and stability.
(Many times, this type of study is restricted to elastic window scan quasielastic signal is very often

neglected because of poor statistics)
(d Test MIRACLES high flux
 Variable energy resolution QENS

1 Q-dependent measurements

0.5 A Dulk Fised HLWJ& 0 o -
o . o] & oewom — Dynamical Behavior of Hydration Water
Poly 7 days old at Q= 0LE A
i : - Q4T T L) q‘q q: q‘
"1 am™ & & T=316K 2 % ‘:1:_-! »”
= =1
_E m RIEB = e — = ﬂ 3 L =092 A ‘[: t: ,.:
§ o6 g _' ' ' o p O Observed €236 Cq
5 E e g —— Fitted E 2 ¥
B E — (4 W Wab confined in She FAA o ree water “rt ﬁ
N = B . iy e I L /_~ b
T o 2 _E ooz o U-{ 0.2 LF'“ Loosely bound water & ,tl ¢ ‘1( '."
E 2., o et c Lanes R
AR & Lyignt Tightly bound water & v B¢
02 Y J&"““ e 0.1
00 1.0 2.0 3.0
0,004 W Protor in e Pk m H1E8
1] z ; . %‘I:Il:lt}j " - U U s g
“Energy Transfer (meV) " " Joone nEe = 400 200 O 200 400
Eaoo; AE | neV
000! —
0 1.0 2.0 3.0
A

Phys Chem Chem Phys (2020) 22(37):21197-207.
J Phys Chem B (2017) 121(35):8322



MIRACLES First Science: Ideas

* |[deal
* Water, water, water

Why QENS?

High sensitivity"
to'H

_ -collaborations

0o N

* - requirements from
SE/DMSC/Labs/exter
nal developmental

* |dea 2

* Understanding and
predicting how amino
acid substitutions
affect proteins

Sy . . . .
;g [ntegrative Structural Biology at the University
= of Copenhagen

Rasmus Hartmann-Petersen & Kresten Lindorff-Larsen
*Molecular Biology and Evolution, 38, 2021, 3235-3246

e - SE: sample changer

* - DMSC: complex data
analysis

ldea 3

Climate change and
cloud formation

- Grothe — TU Wien
https://www.tuwien.at/tch/pc/physikalische-chemie-
der-atmosphaere

- Gates and lles groups — AUS”

* J. Phys. Chem. C 2022, 126, 21061-21070

-SE: T & P (& Raman)

- DMSC: complex data
analysis



https://www.tuwien.at/tch/pc/physikalische-chemie-der-atmosphaere
https://www.tuwien.at/tch/pc/physikalische-chemie-der-atmosphaere
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Full angular coverage

Design of scattering system allows completion of the instrument

la
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Total integrated intensit

Guide exchanger

Gaining up to 70% for small samples (1x1 cm?)

Focusing nose for 1x1 cm? samples
- —|—--------¢--: ----------- e e 4T - LIS + -
_______ ,."__________________’________________________________
Focusing nose for 3x3 cm? with slits 1x1 cm?
| | | |
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Diffraction

Detectors for diffraction in:
e Equatorial position
e Backscattering

Transmitted beam

(to get-losttube)  ZA) »
Scattered beam (to radial / A \

collimator and analyzer) /%4

detector electronics
(preamp-digitizer)

Patch panel for diffractii

ey,
=SS

y Z O
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Risks & challenges

Main risks: Cost & Schedule

Quality risks anticipated

Top 5 Issues

Unsuitable beam monitors

Delayed delivery of in-bunker guide components

Delayed delivery of key guide components: BWI

Choppers cost increase

Electrical infrastructure lack of installation
resources

Top 5 Risks

Cave design

Delayed delivery and technical challenges of fast
choppers

Problems with the supply of detectors

Increasing cost associated to scope creep

Deterioration of analyzer components

Category Partner Treatment

Schedule ESS-Bilbao Reduce
10 Quality ESS-Bilbao Avoid
9 Schedule ESS-Bilbao Observe
8 Cost ESS Reduce
5 Quality ESS-Bilbao Avoid

Category Partner

Schedule ESS <25k€
9 Schedule ESS-Bilbao N/A
9 Schedule ESS-Bilbao N/A
2l Cost ESS-Bilbao 100-300k€
9 Cost ESS-Bilbao  100-300k€

Quality
It is certain that high level goal can't

7-12 months  be reached with minor impact on
science case
4-6 months N/A

A technical requirement can't be met,

4-6 months ;
but high level goal reached
Margin between delivered results
<1 month . .
and technical requirements reduced
N/A A technical requirement can't be met,

but high level goal reached




Status of MIRACLES instrument (Mar’23)

) Out-of-bunker Guide supports Out-of-bunker Guide (ESS-B)
SubTG3s: Along 2022-2023 (ESS-B) €55 Des. & Mtq. ATTNITTY
. . _ _ SubTG3: May'23 Delivery: '24-'25
Installation (bunker): Q4-2023 / Q1-2024 | ;2° > (Mio) Sep 23
Installation (E01): 2024-2025 Delivery: '24-'25 \
Installation (EOZ) 2025 Thermal shutter (ESS-B) ) €B2
Completion: 2025 SubTG3 approved: Mar'23 Sample Positioning System (ESS-B) () €3S
Tender (Mfg.): Jun '23 Tender (Mfg.) Jan 24
Delivery: Jan'25 Delivery: Jan '25 Cave & SPAs (ESS-B)
Choppers (all) (ESS-B) Chopper racks (ESS) Beamline Shielding (ESS Tender (Mfg) Dec '23
g (ESS)
AR AERNNOVA NSS Common Project Delivery: Jan'25 (4@ €SS
SubTG3 approved: Nov-22 & Mar'23 €s5)) Zaimon . ’ — '
Delivery: Oct '23 (in-bunker) . Beam Monitors (ESS) ™

Jan'25 (out-of-bunker)

nnnnnnnn

ssssss

FM.ControI HEJtch? )
Delivery: Dec ‘24

ssssss sy
BWI (ESS-B) >
Des. & Mfg. ™= S-DH Vessel (ESS—BE ]
i

{1% |
SubTG3 approved: Mar'23 Des. & Mfg. 1-’ : .

Delivery: Sep’'23 (tentative) SubTG3 approved: Mar'23 {8

Delivery: Sep ‘24
NBOA (ESS-B i In-bunker Guide (ESS-B)
FAT Sep ‘21 &uMeumziIzas Des. & Mfg MIEINCERLIY

Delivery: Oct '21 SubTG3 approved: Nov-22 In-vessel (ESS-B
Delivery: Jan'24 Des. & Mfg.
In-bunker Guide supports (ESS-B) (40 €3S SubTG3 : Feb'23 Get-lost tube / Beam stop (ESS-B)
SubTG3 (in-bunker) approved: Nov-22 Delivery: Sep 24 SubTG3 approved: Mar'23 €R2

Tender (Mfg.): Apr '23 Ten.der (Mfg.)’Sep ‘23
Delivery: Nov 23 (in-bunker) Delivery: Sep ‘24



TG3 dates

Sub-TG3.1 - In-bunker BTCS: August-2022

Sub-TG3.2a — Out-of-bunker BTCS Part | (BWI, FO chopper, Shutter):
November-2022 /
Sub-TG3.3a - SCS Part | (Vessel, Beam stop): December-2022
Sub-TG3.3b — SCS Part Il (In-vessel): February 2023

Sub-TG3.2b — Out-of-bunker BTCS Part Il (OOB guide): May 2023
Sub-TG3.4a - Exp. End Station: September-2023

Sub-TG3.4b — SES : November-2023

Final TG3 (includes infrastructure & NSS
Common Projects): Dec 2023




Manufactured — Ready for installation

Manufacturing

Detailed design

BL0.

Preliminary design




K eQOctober 2023 — February 2024

N

In-Bunker Beamline

Experimental End Station
eJanuary-March 2025

R
A

=
=
-

[T
L

Scattering Characterization System
eSeptember 2024 — December 2024

Out-of-Bunker Beamline
D03 & EO1: March —July 2024
oE02: March —July 2025

ZANE




MIRACLES core team

LETTER 11

‘1o Mrs Sauville, Lnpland

Ivan Aranda

Alex Conde Aitor Zugazaga Idoia Mazkiaran

/\uh;mgc-l, March Wik 1»

———

How slowly the time passes here, encompassed 44 | i
frost and snow! yet a second step is taken towards 4, .
prise. I have hired a vessel, and am occupied in (.:,n,,,j,'mz &
sailors; those whom I have already engaged, appear 1,1,
men on whom I can depend and are certainly possessed ¢

dauntless courage.

j .

Roberto Martinez

al

Giles Harper

K
Jose Pereira Heloisa N. Bordallo Félix J. Villacorta
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