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Crnenuaau3zanus HEMTPOHHBIX TU(PPAKTOMETPOB

|. DkcnepuMeHT ¢ MOHOKPHCTAJLIIOM
2D IMY I, AX < 3 mm — 4 ITY /]

1. CTpyKkTypHBIi IKCIIEPUMEHT HA MOJUKPHUCTALIIE
BbIcOKOe pa3pemenue, Ad/d = 0.002, mupokoaneprypubiii ITU /I

[11. MarauTHast cTpyKTypa (MOHO- HJIH MOJTHKPHCTAJLI)
cpeaHee paspemenne, ooabmmue (~15 A) d,

V. In Situ, Real Time 3xcnepumeHT
BbICOKasi cBeTocuia (~10° u/c), mupokuii muatepsa d,

V. BbicOKoO€ 1aBjIeHHEe, MUKPOOOPA3IbI
BbICOKASA CBETOCUJIA, HU3KHUI (POH

VI. JnuHHONIEpUOAHBbIE U MAKPOMOJIEKYJISIPHbIE CTPYKTYPbI
cpeaHee paspelnenue, odenb oonbmmue (~60 A) d

VII. JlokajbHbIE HCKAXKEHUSI CTPYKTYPbI
0oJbIIMe MepeJaHnble MMIYJIbehbl, Q . ~ 40 Al

VII. MuUKpOCTPYKTYypa MaTepPHAJIOB H U3aeuii (HanpsiKeHusl, TEKCTYpPa)

BbIcOKOe pa3penienue, Ad/d = 0.004, Bbicokas cBeTOCH 1A




Neutron sources for condensed matter studies

. Continuous neutron sources 1. Pulsed neutron sources
W =10 — 100 MW / \
Const in time
) I1-a. SPS I1-b. LPS
IR-8, Russla
ILL, F
rance W=0.01-1MW W=2_-5MW
LLB, France Pulsed in time Pulsed in time
BENSC, Germany ~ ~
FRM 11, Germany At, = (15 -50) ps At, = (200 — 3000) ps
NIST, USA :
ORNL. USA ISIS, UK IBR-2, Russia
’ LANSCE, USA ESS, Sweden
SINQ, Switzerland SNS, USA
PIK. Russia J-SNS, Japan
CSNS, China

~200 reactors (IAEA data)



Pulsed neutron sources

Source Year | W, MW | <®,> 1083 | At,, ps | v, Hz Diffract.
ISIS 1985 0.2 0.07 20 50 7
LANSCE 1985 0.1 0.05 20 20 2
CSNS 2018 0.1 0.05 20 25 1
SNS 2006 1 1 20 60 6
J-SNS 2009 it 1 20 25 6
IBR-2 1984 2 0.8 320 3) 7
ESS 2019 S 30 2860 14 S
NEPTUN 2035 10 50 20/ 200 10 ?




TOF-diffractometers at pulsed neutron sources (33 instruments)

1. 1SIS (7)

ENGIN-X — engineering
GEM - powder, HR + HI
HRPD — powder, HR
PEARL — high-pressure
POLARIS — powder, HI
SXD - single-crystal
WISH — magnetic

1. SNS (6)

MANDI — macromolecular
NOMAD - nanoscale

POWGEN - powder, HR, HR + HI
SNAP — high-pressure

TOPAZ - single-crystal

VULCAN - engineering

111. LANSCE (2)

HIPPO — engineering
SMARTS - high-pressure

IV. J-PARC (6)

IBIX - macromolecular
IMATERIA - powder, HR + HI
PLANET - high-pressure
SENJU - single-crystal
SHRPD - powder, HR
TAKUMI - engineering

V. IBR-2 (7)

VI.

DN-6 — high-pressure

DN-12 — high-pressure

FSD - engineering

HRFD - powder, HR, HR + HI
RTD - powder, HI

EPSILON - stress

SKAT - texture

ESS (5)
DREAM - powder, HR, HR + HI
HEIMDAL - hybrid

MAGIG - polarized, single crystal
NMX — macromolecular

BEER - engineering




TOF-diffractometers at 6 pulsed neutron sources

l. High-pressure (6)
Il.  Engineering (6)
[1l.  Powder, HR (5)

IV. Powder,Hl + HR  (5)

V.  Single-crystal (4)
V1. Macromolecular (3)
VIl. Powder, HI (2)
VIIl. Magnetic (2)
IX. Texture (1)
X. Nanoscale (1)

XI.  Stress (1)




Spectrometers at the IBR-2 reactor

l DIN-2PI

 gpre— |
[ | 'KO LHIDA

« Diffraction: 8

+ SANS: 1
Reflectometry: 3
Inelastic: 2
Imaging: 1

NERA

FSD DN-12




Diffraction at the IBR-2M

SOl SR o) P

HRFD* powders — atomic and magnetic structure
RTD powders, single crystals — real-time, in situ
DN-6 microsamples — high-pressure

Epsilon** rocks, bulk samples — internal stresses
SKAT** rocks, bulk samples — textures

ESiBe bulk samples — engineering

DN-12  microsamples — high-pressure

FSS* bulk samples — internal stresses (setting-up)

* Fourier RTOF technique
** Long (~100 m) flight pass




Resolution, Ad/d, %

Diffraction at the IBR-2: Resolution

10 -
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lll.
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RTD/DN-6/DN-12

\SKAT/EPSILON

b

FSD/FSS

TOF_Resolut_Com

HRFD powders

FSD engineering

RTD real-time, multilayers
DN-6  high-pressure

Epsilon stresses

SKAT textures

DN-12 high-pressure

FSS stresses

Resolution becomes better for

longer d-spacing!




Resolution of a TOF neutron diffractometer

(Ad/d)? = (At,/1)? + (AB/tgH)2,
0

2) Aty = Const (Fourier, ESS) — R((d) ~ 1/d

t=250-L-A=500-L-d-sin0

R.(d) = Const

Ad/d

Resolut-d 50
L
0.003 —
n P
2 :
HRFD (IBR-2) E i
0.002 - - /
10 | #
Ofrw”“ ]
0.001 A (Angstrom)
Ato(X) at GEM, ISIS
0 7
05 1 15 2 25 35 4 45
d, A
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TOF-diffractometers at the SNS pulsed neutron sources
v =60 Hz, At, = (15— 40) ps (poisoned & de-coupled)

High-pressure (SNAP): L, =15m, Ad/d=1%, AL=0.5-365A0r3.7-65A
Detector: 98-150° (hor), +34° (ver), P <50 GPa, At ~ 8 h for 0.15 mm3

Engineering (VULCAN): L, =44 m, Ad/d=0.25% (HR) = 0.45% (HI),
AL=05-1.5A (60 Hz), 0.5-3.5 A (20 Hz), Beam = (2 — 12) mm?,
Detector: 60-150° (hor), +30° (ver), V,=(8—20) mm3

Powder, HR (POWGEN): L, =60 m, L, = (1 -6) m, Ad/d= (0.1 —1.6)%,
AL=1 A (60 Hz), Detector: 6 — 170°, Q.. = 4 sr

Single-crystal (TOPAZ): L, =18 m, L, =0.5m, Ad/d = 0.4%, 3D Q-space mapping
AL=3.1 A (60 Hz), Detector: 20 - 160° (hor), £54° (ver), Q. = 3 sr

Nanoscale (NOMAD): L; =19 m, L, =(0.5-3) m, Ad/d = 0.4%,
AL= (0.1 —3) A (60 Hz), Detector: 3 —175°, Q.. = 4 sr (8 sr — full)

Macromolecular (MANDI): L; =30 m, L, =0.4 m, Ad/d = 0.3%,
AL=2.2 /4.3 A (60/30 Hz), Detector: 20 — 160°, Q.. = 4.1 sr

Ad = AM1.5

11



Gl

Advanced detectors for TOF diffractometers

GEM (ISIS), HI + HR

Sample Tank Banks 6 & 7
e 142°-171°

Barkl Bark2 Bark3  Bankd = Bank$ BarkSX
5°-127 13°-21° 24°-45" 50740 79°-106° 106°-114°

WISH (I1S1S), HI + HR

L=17m, Qg,~3.86sr

L=50m, Q4= 2sr

12



Advanced detectors for TOF diffractometers

MaNDi (SNS), Macromol. single cryst.

Powgen (SNS), HI + HR

L=30m, Q,~4.1sr

L=60m, Q,,=4.0sr




TOF high-resolution magnetic diffractometer WISH,
ISIS, UK

Moderator 20000
Unpoisoned
Decoupled CH;,

Detector
Sample Tank
Disk Choppers

Nimonic Chopper

Collimator

Guide Carousel
%8Ni Guide

Monitors
m=0-3

Beam Stop

|
|
|
|
|
|
|
|
|
|
|
|

Vertical ballistic funnel

Monitor
m=3 Focussing snout
< 12000 Monitors
15000 . ] )
Details of the focussing sections
35000 =2
47500 26x13 mm? 12x6 mm? “‘weak” fOCUSSing
m=2 =3-4u » .
Se—— ————————"strong” focussing
10x5 mm?

WISH schematic drawing



ESS pulsed neutron sources, v = 14 Hz, At, = 2860 ps

HEIMDAL - hybrid, Diff. + SANS + IM
MAGIG - polarized, single crystal
BEER - engineering

NMX —single crystal, macromolecular

L, =160 m,AL= 1.8 A | AL=282/L

ESS parameters:
Average beam power, MW 5
Peak beam power, MW 125
=R Proton kinetic energy, GeV 2.0
o /s | | Pulse repetition rate, H 14
FRHA ) ulse repetition rate, Hz
T\ L Average pulse current, mA 62.5
/) Macro-pulse length, ps 2860
— ! ”\ \ Number of target stations 1
| | P R SKAD Number of moderators 2
g | Number of instruments 16 (22)
LA N ]
B Number of neutron beam ports 42
DREAM — powder, xl | P
HR+HI, L, =76 m AL=37A Separation between ports degrees 6

1J




HR + HI powder diffractometer DREAM, ESS
(L, =76 m,AL= 3.7 A)

. 35
i 0.0 Detector
Instrument

1
i 1 1
<h i elliptic - ballistic guide| 't exchangable Beam

utter — 60 mm x 60 mm ! ] , Stop
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i light E Monitor
| shutter '
| bispectrali 6.10m 800m 12.75m! . ' x
"' ewiteh Bl m i T TS m o
om ' 18 m 23.70m 58.90 m 71.84 m 76.50 m 79.00 m

6.25-6.95m

DREAM feature: bispectral switch (cold + thermal neutrons)

DREAM choppers: PC — pulse shaping, TO, BC — band control, OV — overlap = 7 ch-s

DREAM costing (KEu): Design = 1970, Detector + DA = 6620, Optic = 1500,
Choppers = 1120, Shielding = 2120, Infrastr. = 320, ... Total =12 960

L, =76.5m, (Aty),., = 10 ps — Ad = 2.8-10* A,




HR + HI powder diffractometer DREAM, ESS

Summarized costing for DREAM

in k€ Phase 1 (Design and Phase 2 (Final Design) Phase 2 (Procurement and Phase 4 (Beam Testing To
Planning) Installation) and Cold Commissioning)
Hardware Staff(k Staff Hardware Staff Staff Hardware Staff Staff Hardware Staff Staff Hardware Staff
£) {(months) (k€) (months) (k€} (months) (k€) (months) (kE€)
Integrated Design 0 300 30 0 600 lalt] 0 500 50 0 360 36 0 1760
Systems Integration 0 0 0 0 30 3 0 120 12 0 60 B 0 210
Detectors and Data 0 30 3 0 30 3 6600 60 6 20 120 12 6620 240
Acquisition
Detector Vessel 0 0 0 0 a0 9 500 G0 G 20 20 2 20 170
Optical Components 0 30 3 0 30 3 1480 30 3 20 30 3 1500 120
Choppers 0 60 i) 0 60 6 1100 a0 3 20 30 3 1120 180
Sample Environment 0 0 0 0 30 3 420 30 3 20 30 3 440 a0
Shielding 0 30 3 0 60 6 2100 60 G 20 60 ] 2120 210
Instrument Specific 0 ] 0 0 30 3 300 120 12 20 30 3 320 180
Support Equipment
Instrument Infrastructure 0 30 3 L] 30 3 300 60 5] 20 30 3 320 150
Total 0 480 48 0 990 a9 12800 1070 107 160 770 i7 12060 3310
Grand total (no VAT) 18270
Percentage of total cost 2.95021511985249 6.08481 868469576 85.2489244007376 5.7160417947142

k€/person-month 10

DREAM costing: Grand total = 16,270 KEu




HR + HI powder diffractometer DREAM, ESS

(Diffraction Resolved by Energy and Angle Measurements)

Bispectral extraction system

12412
cm?

Cold

12%12
e’

Thermal

o b

[
Y

position (cm)

Shielding
Block

ST Bender

om Zm 4m Em

Chopper arrangement

Elliptic guide system

0 10 20 30 40 50 &0 70
position (m)




How to transform 300 ps into 30 ps

V =2aR/T = 26,400 cm/s forR=30cm and f =140 Hz = 8,400 rpm
Aty = Ax/V = 30 ps for Ax =0.80 cm

Neutron guide Neutron guide

Fast chopper || Fast chopper

ANA_L AN DN NN

...............................................

f/f, =10 W/W, = 0.1 1/1,~ 10




Hybrid diffractometer HEIMDAL, ESS
(Diffraction + SANS + Imaging, L, =167 m,AA= 1.7 A, 1,, = 0.6 A)

Thermal guide HEIMDAL layout with:

- thermal and cold neutron guides
- thermal (TC1 - TC3) choppers

- cold (CC1 - CC3) choppers

- diffraction and SANS modules

Cold guide

~—TC1,TC2




Hybrid diffractometer HEIMDAL, ESS
(Diffraction + SANS + Imaging, L; =167 m,AL= 1.7 A, ., = 0.6 A)

160 degrees

SANS-1

SANS-1|

Backscattering
l

10.0m —|

]SANSQ

]SANSQ

SANS-1

HEIMDAL feature: bispectral switch (cold + thermal neutrons)

HEIMDAL choppers: (pulse shaping + pulse selection + frame overlap) = 6 choppers

HEIMDAL costing (KEu): Detector = 6190, Optic = 5299, Choppers = 600,

Shielding = 1300, ...

Total = 19 082




Hybrid diffractometer HEIMDAL, ESS

(Diffraction + SANS + Imaging, L; =167 m,AL= 1.7 A, ., = 0.6 A)

— Brightness Brightness
Ato - 52 l’lS 10 x1gg(wcm‘fs)storIA) 104 X107 (nfcmsister/A)
f=280 H Ultra high resolution High resolution

- Z

— 5 .. ~S2us

Ax=1.6cm =280 Hz
T Ad = 16 mm
R, = 0.06%
1 5 5 time (ms) ? 2r 5 time (ms)'
Brightness A Brightness
10 x10"(nem'ls/ster/A) 104 X107 (nfemsister/A)
At. = 758 us High speed and total scattering - Very high speed
0 - -
f=42 Hz 5: . = 1140 ps
- 4 f =28 Hz

Ax = 3.5 cm === ) Ad = 38 mm
R,=0.87% 1 2 3 time (ms)

Aty =120 ps
f=266 Hz
Ax =3.5cm
R, =0.14%

At, = 1140 ps

f=28 Hz

L—
AX =3.5cm

R, = 1.3%

Modes of the pulse shaping chopper operation

Flux at a sample: from 3.8x10° (HR) to 2.0x10° (HI)




Materials engineering diffractometer BEER, ESS
(Diffraction + SANS + Imaging, L; =157 m,AL= 1.7 A, .. = 0.6 A)

detectors +
radigl collimators
e s X

bi-spectral FE =
wmim . PSC FC MC | eliipte e Ll
L == | s . . g | expansion o B ———ed it e

| === qguide =i

chopper cave

Detector banks

BEER feature: bispectral switch (cold + thermal neutrons)

BEER choppers: (pulse shaping + pulse selection + frame overlap) = 11 choppers
BEER costing (KEu): Detector = 7011, Optic = 3990, Choppers = 1550, Shielding = 700
Total : Min =19 701; Max =21 301




Materials engineering diffractometer BEER: list of choppers)

ID |Distance| frequency beam width/height | Type window width
[m] [Hz] [mm] (*) [deg]
Pulse shaping
PSC1| 6.45 168 20/80 MB 144
PSC2| 6.6 168 20/80 MB 144
PSC3| 6.9 168 20/80 MB 144
PSC4| 7.65 168 20/80 MB 144
Pulse multiplexin
MCa| 8.95 42 ... 280 20/80 MB 16 x 4°, distance 22.5°
MCb| 9.00 42 ... 280 20/80 MB 4 x 4°, distance 90°
MCc | 9.50 42 ...70 20/80 1 x 180°, followed by
7 x 4°, distance 22.5°
Wavelength definition

FCla| 8.28 14/7 20/80 BB 70
FCib| 8.32 63/70 20/80 BB 180
FC2a| 79.55 14 40/80 BB 180
FC2b| 79.59 7 40/80 BB 90

(*) ball bearing (BB), magnetic bearing (MB)

PSC — pulse shaping chopper 4
MC — multiplexing chopper 3
FC — frame chopper 4




Materials engineering diffractometer BEER, ESS
(Diffraction + SANS + Imaging)

150 ¢ v
SN y - .
N M 1E14 ] —— direct beam, thermal
= AR ] .
: mi&w\\ direct beam, cold
g N = 4 bi-spectral, thermal
E < —a— bi-spectral, cold
Q “e 1E134 — bi-spectral, sum
= O
5 2
L e
2 g
8 1E124
0 2000 4000 8000 5 ] i
distance, mm [
Lo
: . | A
Bi-spectral extraction “5”0 B R
multichannel (m=4) guide wavelength, A

Simulated neutron spectra at the sample position

Mode flux wavelength resolution d-range
Diffraction | 1.6x107 | 1.2...29A Ad/d ~ 0.4% 0.7..23A
SANS 5,6x10% | 4.7...6.3A | AQ~0.003A1 | 20...350 A




Materials engineering diffractometer BEER, ESS
(Diffraction + SANS + Imaging)

-
{ high flux mode ————3y=13A+48A |
' ho=31A+66A |

107

neutron flux [n/cm?/A/pulse]

1.4 x 108
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3.0 x 108
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1 2 3 - 5 6 7

wavelength [A]

——BL19 (TAKUMI)
20 — — ESS, cold moderator
] —— ESS, cut by the choppers and c_;uidestI
< o~ — -
s ] s Y A=285A
L 1.5 /
£ ] / \
L \
@ ! \
s 1 ! W | ratio
o 107/ | ESS/BL19=9.3
4 ’ ‘
2 05, \
= 1 \
Ko 1! \
S 1! \
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-2000  -1000 0 1000 2000 3000
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Simulated wavelength distribution of neutron
flux in direct beam at the detector distance in
the pulse suppression mode. The solid lines
show the spectrum after phase shifting of the
choppers by one source period.

Brightness and time structure of the J-SNS
(BL19) and ESS pulses at A=2.85 A. The red
dashed and solid lines show the ESS full
pulse and a cut made by choppers and guides
of the BEER instrument in medium
resolution (0.3%) mode, respectively.




Multiplexing technique at pulsed neutron sources of LPS type

Detector

o
(%3]

[
[=]

-
(]

Pulse shaping chopper

Distance [m]

-
=
|

(5]
|

Source emulating chopper

T T T T T T
0 10 20 30
Time [ms]

T " 1
40 50

AI203 ceramics

Counts in 50 us channels

T ) MM

— T T T ——T
0 5 10 15 20 25 30 35

Detection time [ms]

Wavelength Frame Multiplication (WFM)

diffractometry.
SEC: W,=5200 ps, f=8Hz

PSC: Aty;= 139 ps, f=200Hz, L=10.6 m

Time distribution of the neutron counts at
the detector in synchronous source — pulse
shaping chopper operation. Black-out
periods are equal to 2900 ps. Al,O; sample.

Figures from M. Russina at al. J. of Physics (2012)




Diffractometers at ESS (first stage):
1) Powder hybrid 2) Polarized, single crystal 3) Powder

4) Engineering 5) Macromolecular, single crystal

Limited number at the 15t stage: 5 altogether

Bi-spectral extraction: (Ao =12 A, (W) =3 A

Very long flight path: 76 /160 m

Detector solid angle: ~4sr, Q — 4m (12 sr)
Combination of (Diffraction + SANS + IM)

Focusing on in situ, real-time mode of data acquisition

Complicated chopper system: ~(6 — 11) choppers of different assignments
Extremely high cost: (12 +20)-10° Eu

cocClinatill | CRTBCTIIERNNTSS | N

Not on the list: High-pressure, Single crystal, Texture, High-Q

28



Basic parameters of NEPTUN (Booklet, 2018), SNS and ESS

SHCHNES || @0 || N3

NEPTUN SNS ESS
Time-average flux density: (0.5 +12)-10% 0.1-10% 3-10%4
Half-width of fast neutrons: (20 + 200) ps (20 + 50) pus 2860 s
Pulse repetition rate: (10 + 30) Hz 60 Hz 14 Hz
Time-average power: (5+ 10) MW 1 MW 5 MW
Background power: 3.2% <1% <1%

Number of beam ports: 20 — 32 22 42




T he stock set of neutron diffractometers

Instrument Main issue Moderator Resolution
1. High-resolution structure 60 K High
2. High-intensity In situ, real-time 60 K Medium
3. High-pressure micro samples 60 K Medium
4. Engineering internal stresses 290 K High
5. Texture multi phase 60 K High
6. Long period macromolecular 30 K Medium
1 s
081 1Y pp =20 [\I0 | peq
% Wl frhEthuE g s For TOFE-diffractometer: (®,/®,)-(At,/At,)
B041[ ay=028ms NEPTUN / ESS = (5-1014/3-10%4)-(2800/280) = 17,
. if shortening of the ESS pulse to 280 ps is done
s 1 1%m2m25 '3 35 4 | without frame multiplication system

\
IV



Neutron flux, a. u.

o
o

=
ES
P IR R R

0.2

0.0

NEPTUN: possible options

0 1 2 3 4 5 6 7
Wavelength, A

Maxwellian distributions
for (30 - 600) K

3
i

0.0 5

0.2 1

3 4 5 6
Wavelength, A

Bi-spectral distribution
for 30 + 290 K

Neutron flux, a. u.

0.2

moderator-1b

1. Time-average flux density: (0.5+12)-10** — @, =5-10'* n/cm?/s
2. Half-width of fast neutrons: (20+200) ps — Aty =200 ps
3. Pulse repetition rate: (100+30)Hz — v=10Hz
4. Moderators (at least three): thermal + cold (~90 K) + very cold (~30 K)
5. Background power: 3.2% acceptable
0s - I(\) = MD(L)
' o 300 K
!g 30K+290 K
¥

...................................

1 2 3 4 5 6 7

Wavelength, A

T

Maxwellian distribution
and integral intensity
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0.03 1
0.02
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Resolution of a TOF diffractometer

(Ad/d)? = Ry(A) + Ry(0) = (At,/t)? + (AO/tg0)?
Ri=0
Ry=0

If At,=>0 or L

if A0O=0 or 0 = 7/2

Aty =250 ps
L=50m

1 2 3 4 5

Wavelength, A

TOF component

0.050

L=50m
Aty =250 ps

0.040

e
=3
W
S

resolution-1

AB =0.005rad =0.3°

0.020

TOF resolution

0.010

0.000 +——

0

10 20 30 40 50 60 70 80 0 1 2 3 4
Bragg angle, deg Wavelength, A

Angle component

Ad/d as a function of L. and 0
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Resolution and shape of diffraction peaks

S(300)/S(30) =11

0.8 0.8

o
=N
| M-
4
=N

<
o
[

Neutron flux, a. u.
(=]
=
1

Neutron flux, a. u.

e
to

0.2

0.0

0.0

Comparison of SNS (30 ps) Pulse shaping 300 — 30 ps

and HRFD (10 ps) peak shape

For TOF: 1(300)/1(30) = 11, Ax = 14 mm, L, =60 m, f =248 Hz
For RTOF: 1(300)/1(10) =5, Ax = 0.7 mm, L, =20m, f= 100 Hz

Fe-765-3

2
5]
o)
L
(e
[Sam
H(+) - H(-)
W =30 ps
1T [ lllllllll I lllllllll I lllll
1200 1300 1400
TOF channel

Two closely situated peaks (TOF
channel width is equal to 4 ps)

measured with HRFD.




HRFD resolution

ALO,
HRPD, ISIS
1=100 m

AL,
HRFD, IBR-2
L=20m

1.24 1.28 1.32 1.36
d, A

Diffraction patterns of Al,O; measured at
ISIS (UK) and IBR-2 (Dubna). Resolution is
the same, despite L is 5 times longer at ISIS.

R(d) = Ad/d

0.0020
V . = 6,000 rpm
0.0015
" A A A.A A .. 5 " o
0.0010+
00005 v v v T T T T T T T T T T T T T T T T T T T T T
1.0 1.5 2.0 2:5 3.0
d, A
i 1000 o
5 607 L=20m 1
% g y(x)=0 + 58.50/V
£ 40 - -
:S? i
= 2000
a 4 4
5 207 4000 1
= i |
1 8000 6000
0 ' 1 i 1 ' T T T T T
0.0 0.2 0.4 0.6 0.8 1.0
1/V_ (1000/rpm)

For L=30 m, V,,,,=11,000 rpm: R, = 0.0002,
R = (R + R ?)Y2=0.0003
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Rietveld analysis of the HRFD data (MRIA package)

nac-1r

Na,Al,Ca;F,,
HRFD

,ltht“.; lhl[l“x }9”&

W e o g e Sy
o

R T T Y Y Y B [ [ [ [ [
I [ | I T N || = | = |
LI P Pk r A AR A e TP CANE AP PUYETT L A LTI A A

)]

Normalized neutron counts

'
o

)]

=== 1 4——lep——1e8-—2-0- 2.2—>24
d, A

Diffraction pattern obtained with NAC-standard



Elapsed time / Total time: 0 %

Simulation: RTOF data acquisition
Current chopper speed is O rpm or O % of max. speed 1760 rpm —
Current chopper speed is 0 rpm or
0 % of max. speed 1760 rpm
; 3 ; st

d A
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BoiBoabl o TOF-gudpakromerpam

IIponoskaercsi OypHoe pasBurTHe (YCJI0KHEHHE) cucTeM (POPMUPOBAHMS
Iy4KA HEUTPOHOB (3aMelMTeJeil, HEUTPOHOBOAOB, MpepbIBaTE/ICH) H
CUCTEM pPerucrpauuu (1eTeKTOPOB, JJICKTPOHUKH).

HoBble TeHIEHLNH: OUCNEKTPAJIbHbIE NMYYKH, KOMOMHALIUA TU(PPAKIUU
u MYPH, opueHranus Ha IKCIEPUMEHTHI B peajIbHOM BPEMEHH.

B koHcTpykunuu audpaxkromerpoB Ha ESS He mnpocMarpuBarorTcs
OrpaHu4YeHus M0 GPUHAHCUPOBAHUIO.

IlepcnekTuBbl AMppaKkuun HEUTPOHOB HA McTOUYHMKE DNS-1V BoIrIgaaT
BecbMa MHoOroooemawmie. I1o COBOKYymMHOCTH OCHOBHBIX XapPaKTEPHUCTHK
(MHTEHCHMBHOCTH, Pa3pelmieHHI0, JAMANA30HY IepeJIaHHbIX HMITYJIbCOB)

nuppaxkTomerpbl Ha DNS-1V MoryT nmpeBocxoauth aupakToMeTpbl Ha
SNS, J-SNS n ESS!

MHuoroodemapuye nepcneKTUBbl OyAyT peaju30BaHbl TOJbKO IPH
HAJUYMH ACKBATHBIX 1eTEKTOPOB.
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