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FSD: list of performed works

Webcam for sample control -_

Remote control of experiment (RDP protocol) BS detector: separate signal acquisition
New SLi detector for neutron transmission from individual PMTs (E-focusing)

experiments in high-resolution mode LM-DAQ: software adjustment of input signal
parameters (dead time, signal duration and

threshold levels)

Upgrade of IMRTOF algorithm: version for
multi-detector systems

New incident beam diaphragm (JJ-Xray)

New 4-axis Huber goniometer (up to 300 kg)

Replacement: new optical incremental encoder
on F-chopper (instead of magnetic one)

New AstralL eft4 detector module

New list-mode DAQ unit (MPD-32 module)

1st version of list-mode algorithm ImMRTOF for
high resolution spectra reconstruction
Adaptation of stress rig LM-29 (up to 29 kN) for
uniaxial tension/compression of samples

Stress rig LM-29: combination stress + high
temperature

New AstraRight4 detector module

New alignment linear lasers with remote control
(Arduino)

New wide-aperture radial collimators (JJ-
Xray, Denmark)

Replacement: temperature controller Lakeshore
Model 325 for mirror furnace

Replacement: new control PC with Win7 OS and
SONIX+ diffractometer control system

New load cell U10OM (Fmax=125 kN) for
stress rig LM-29 (HBM GmbH)

Electric lighting improvement

Vacuum leak elimination in the neutron guide
Replacement: reactor starts distribution unit

Cooling system for MF-2000 mirror furnace
- Lauda UC4 chiller

Complete installation of ¥90° detectors
banks (by Spectrometers Complex Dept.)
New F-chopper:

+ Signing of the contract (348 kKEuro)

+ Kick-off meeting at Airbus (Germany)

+ Preliminary Design Review (PDR)

+ Final Design Review (FDR)

— End of Manufacturing and assembly

— Factory Acceptance Test (FAT)

— Installation + onsite commissioning at JINR

Possibility of remote reset of NIM crate with LM-
DAQ unit (Arduino)




FSD detector system

90°-detector

Neutron guide 1.2 m

N\

6Li glass backscattering detector,

16 PMTSs, resolution Ad/d~2x103 ]

Interior arrangement of
the single module

Scattering angle range jy N\
A(20) = +20°, azimuthal
angle range A = 24°, total
90°-detector bank: ZnS(Ag)  solid angle AQ = 0.117 str,

scintillator with WLS-fibers resolution Ad/d~4x103




Upgrade of *90° ASTRA detectors
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AstralLeft-4: Nov. 2014

Task for 2019: complete installation of AL and AR
detector banks (by Spectrometers Complex Dept.)




Sample positioning

2013: 4-axis HUBER
goniometer

Linear: X, Y: £ 150 mm
Linear: Z: 0 + 300 mm
Rotation: Q: 0 + 360°
Max. load: 300 kg

2016: 2-Circle Segment £15° (Huber)




2016: New wide-aperture radial collimators (G.V.=1.8 mm)
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New wide-aperture radial collimators (G.V.=1.8 mm)
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‘Multi-pass welded specimen: FEM and neutron diffraction I
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Charpy surveillance specimens reconstituted by electron and laser beams |
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Mirror furnace MF-2000 for experiments
at elevated temperatures

power - 1 kW
max. temp. - 1000° C
Temperature control by

Dispersion-hardened ferrite-martensite steel .
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2015: Stress rlg LM-29

Stressrlg LM- 20 can be mstalled
horlzontally or vertlcally

= Grips for flat
L samples

Uniaxial mechanical stress rig LM- 29 (Frax = £29 KN, T,
= 800°C). Controlled by PC (OS WinXP). Integrated into
FSD control system using Pascal and Python scripts

Grips for tests at room and
elevated temperatures with
M10, M12, M14 screws

Conical grips (with holders)
for compressive tests




Austenitic steel: applied Ioad/cycling'
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Aluminum alloy D16:

applied load + temperature
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Intensity-10°, a.u.

Sample in stress rig
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List-mode DAQ unit development:

1997: First ideas - V.A. Kudryashev, V.A. Trounov, V.G. Mouratov, Physica B, 1997, Vol. 234-236,
pp. 1138-1140.

2012: Development of the new list-mode DAQ unit (FLNP JINR, Dubna)

S.M. Murashkevich, F.V. Levchanovskiy, Proc. of the NEC’2013, Sept. 9-16, 2013, Varna, Bulgaria.
JINR E10,11-2013-136, Dubna, 2013, pp.176-180.

Since 2014: Regular use on FSD, FSS and HRFD Fourier diffractometers

New list-mode DAQ unit - MPD (Multi Point Detector):
- based on five ALTERA FPGAs
- number of detector signals - up to 240
- sampling frequency - 62.5 MHz, i.e. discretization time - 16 ns
- max. exposition time = 4.5-10° sec.=1250 hours=52 days (defined by time counter capacity - 48 bits)
- data transfer between MPD and control PC - by 1.25 Gbit/s fiber optics network and USB 2.0
- two operation modes:
- histogram: low resolution TOF-spectra are accumulated in internal memory (64 Mb)
- list-mode: raw data are recorded as 32-bit words (timestamps) with max. data flow rate of
8-10° events/sec.
- list-mode events are recorded in absolute time of experiment

On FSD the MPD-32 DAQ unit with 32 input detector signals is installed for routine operation:
detector events, reactor pulses and rising and falling fronts of Fourier chopper pickup signals.

NB: for Qmax = 6000 rpm and exposition time T = 1 hour the typical raw data file size is of
900 Mb, ~97% of events are pickup signals. During a typical 11-day cycle of the IBR-2
reactor operation 150-200 Gb of raw data is usually collected on FSD.



AToe=2-10° ps; Add=14 A AT;5=2:10° ps; Ad=14 A
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List-mode DAQ: high resolution spectra reconstruction from raw data
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List-mode DAQ: comparison with old DAQ system
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LM DAQ: Electronic focusing of detector modules
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LM DAQ: Phase error correction
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Real frequency window analysis: Dirichlet (linear) window
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LM DAQ: Real frequency window analysis - composite Blackman frequency windows

(multiple Dirichlet sweeps with Blackman envelope)
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List-mode DAQ — possibilities:

- high performance and scalability of LM DAQ system;

- offline spectra reconstruction is possible without repeated
measurements;

- flexibly configurable TOF-scale parameters;

- possibility to analyze: real frequency window, pickup signal, reactor
starts, detector events;

- phase error correction;

- detector events filtering;

- precise electronic focusing for multi-element detectors.



2019: New Fourier chopper for FSD diffractometer by

Parameters:
- Max. rotation speed 6000 rpm
- Rotor/stator material high strength Al-alloy
- Rotor/stator thickness 4.3 mm in the slits area
- Rotor (disk) diameter 540 mm
- Rotor-stator distance 1 mm
- Slit type real cut-away radial slits
- Number of slits 1024
- Slit length, mm 60 mm
- Slit width 0.736 mm in middle part
- Absorbing layer material 19B,C

- Absorbing layer thickness 0.8 mm
S S EL I EE N ER[e8 1 + 300 rpm/s (cf. 10 + 100 rpm/s for old
chopper)

Benefits of the new design:

- Combination of two pickup systems: 1) main - laser pickup system;
2) auxiliary - optical encoder with 1024 pulses

- Direct measurement of transmission function by neutrons and by laser

- Absence of pickup shift (phase error)

- Significantly lower pickup fluctuations

- No absorption and scattering from chopper disc material

- Low gamma background

- Improved PID regulation

- Six different frequency windows

- Operation in vacuum: less vibration and higher dynamical stability

© AIRBUS

DEFENCE & SPACE




SONIX+ instrument control system
(developed in Spectrometers Complex Dept.)
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High-resolution Fourier diffractometry at long pulse neutron source

tof-rtof

IBR-2 is a long-pulse neutron source.
I IBR-2, TOF At=300 ps, R = 0.01 = 1 % (L=25 m, d=2 A)

W=300 ps
R=0.01

Objective: R = 0.001 = 0.1 % (L=25 m, d=2 A)

IBR-2, RTOF \
W=20 ps Fast Fourier chopper

R=0.0007

'y

-300 -200 -100 0 100 200 300
t, us

....
o

F-chopper parameters (FSD):
N=1024
V. ,5x=6000 rpm

Qrax=102.4 kHz I — . — |
P. Hiismaki; H. Poyry; A.Tiitta. Exploitation of the Fourier

Atoz 10 MS chopper in neutron diffractometry at pulsed sources.
J. Appl. Crystallogr. 1988, 21, 349-354.

7.5 kW motor




FSD diffractometer

Radial collimators
Backscatterlng Neutron guide
detector BS (i o

900-detector | — HUBER

Sample position
ASTRA ke P goniometer




