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How | got here...

» Mechanical Engineer (Automotive Industry)

» Fulbright scholarship 2006 (Ms) -> The University of
Tennessee, Knoxville (UTK)

» PhD at UTK (2009-2014) in collaboration with HZB+ORNL.:
Neutron Imaging & Engineering Diffraction

» Since February 2015 at ESS, responsible for V20

» My interest: Apply these new ‘adventurous’ techniques to
relevant samples... and make these methods better and useful
for everyone ©



AGENDA

» Overview V20:
* Introduction
 Chopper System
 Beam Characteristics
 Layout
* Available Detector Systems
» Platform for ESS Integrations
» Example Applications
» SEMSANS in practice at V20



Motivation & Background

Dedicated test instrument for ESS:
1) Experimental test case for “Long pulse”-instrumentation with
FLEXIBLE SETUP

Deveteprestabitsirprocedures-ahddata reductlon before ESS
» Dedlcate time to develop new methods
4) Green fretasite—Testimg-amndAtegration of components

* Choppers provide the ESS pulse structure (14Hz, 2.86ms)
* Additional pulse shaping choppers provide Wavelength Frame
Multiplication (WFM) option

Main modes /
of operation \

Simple Pulsed mode
2 double choppers
(low resolution)

WFM mode
2 double choppers
4 single disc choppers
(high resolution 2
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ESS Test Beamline (V20) at HZB

echnis Versorgung
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Typical Users & Activities at V20 W

day <4 » October 2016 Month | Week List = Timeline

Tue

& TBL Beam ON
) Who: PSI, ESS; Project: TOF Grating Interferometry
e Who: UC Berkeley;

Project. Detector set up

> IVI et h O d d eve I O p m e nt . &) Who: ESS, UC Berkely; Project: Feasabilty studies SANS-Imaging

» Integration of control software
» Tested by users

3cm 3> ESS neutron instrument division

al

» Applications using Imaging + > ESS technical groups + DMSC
Diffraction in WFM mode
> Planning for integration of ESS » ESS in-kind partners
infrastructure
: » Scientific collaborators. YOU?
» Tests of neutronic components
» Integration of 3He PSD detector : l

for use at V20

> Tests of detectors I
for ESS instruments

£y BER2 ON
raWho: HZG, ESs; What: Detector test (BEER) and software test data reduction
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Chopper System: Simple Pulsed Mode

SOURCE

Polarizer Optical Benches
(Measurement Position)

Chopper
‘ modular neutron guide (m=3):
H=12.5cm W=60m

{1zl

—

DISTANCE

Om H 22m i 29 m 31m 32m 38m t 47 m 54 m
Om 7m 25m 32m
time of flight [ms]
0 10 20 30 40 50 60 70
- -ESS: Sim —TBL: Sim 210 — —t —
S |~ TBL: Shorter Pulse 3 . i |ntegr F|ux
o = 1
) E | 3 X 10°% n/cm?/sec
< € 6
8 ° efe :é
5 Flexibility! 24
E . ug- 2 .
- Vitess & McStas £
w ' 2 LI S S—
-0.5 0.5 1,5 3.5 4.5 mOdEI 0 2 4 6 8 10

time [ms]

wavelength [A]

Repetition: variable Wavelength resolutions: 0.7%-3%



Chopper System: WFM Mode

.....
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FOL

FOL

Chopper Optical Benches

(Measurement Position)

hopper
‘ modular neutron guide (m=3):
H= 12 5cm, W-6cm

1 s DISTANCE
om ©  22m 29 m 31m 32m 38m " 47m 54 m
Om 7m 25m 32m
800
- -ESS: Sim —TBL: Sim =
5 | © TBL:Exp Mono B, 600 A
S, )
£ £
c =
] o 400 4
8 @)
: 5
5 = < 200 |
Q . .
£ Optical Blind Mode z

-0.5 0.5 1 5

time [ms]

0 ‘ . . . — A
0 10 20 30 40 50 60 70

time of flight [ms]

Tunable (but constant)
Wavelength resolutions: 0.5%-2% .




Some characteristics %‘

* Beam size and end of shielding

10

(o]

height [cm]
NN

0 I T

0 2 4 6 8 10 12 14
width [cm] .
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Some characteristics

SOURCE

* Pulse shape

- -ESS: Sim —TBL: Sim
o TBL: Exp Mono

neutron counts [a.u.]

-0.5 0.5 1 tlsme [mZS]S

Gd Pinholes (10mm)

3He Detector (4tubes) 8



Polarization
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Some characteristics

SOURCE

Polarizing S-bender (Fe-Si)
Can be moved in-out remotely
Area: 60 mm x 125 mm

Weighted polarization (4.9 A) 98.7%

Polarization after 3m guide

field, spin flipper, analyzer . .
» 5P PPET, Y * 3He analyzer -> estimate an incident

T1 polarization of > 97% for all wavelengths
09 1.0 ' ]
0.8
u 0.9
0.7 T £
06 08
B iy — R
0.5 + A R S i i et S E———
0.4 :\ S0 P9 bours |-
: P£,95hours| T
03t A L LR A —
¥ 06+t
0.2 E j'
01 + I
g 0.5 ey
0 S S e 2 3 4 5 6 7
0 2 4 6 8 10 wavelength A (A)
wavelength [A] Babcock, E., et al., 2017, "Recent on-beam tests of wide angle neutron

polarization analysis with a 3He spin filter: Magic PASTIS on V20"



L ayo u t EUROPEAN

L R
giPolari ze g

A
e '-4'1




Layout

Flexible equipment




Available Detectors

12



SOURCE

Available Detectors % ‘ oo

ToF PSD (DENEX), 3He Delay Line

30cm x 30cm active area, ~2mm spatial resolution

Free configuration (Transmission, Reflectometry, SANS, Diffraction, etc)
Data can now be saved as (tiff) image stacks

< 300mm >

300mm

12



Available Detectors %‘

e 3He Beam Monitors
e 3He tubes: 4 tubes/channels

e Other detectors available through ongoing collaborations (e.g.
ToF imaging camera with 55um pixel size)
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Integration of ESS technology: .)gg:gm

Control Software

V20 is a test bench for ESS technology and solutions
* NICOS now used as high level control software (originated at FRM-II)

* Open source, Python, fully scriptable, supports different protocol
(EPICS, Tango, CARESS), GUI

EXSHa0s0)
[ )& NICOS - user at 192.168.1.103:1301 © @

Application  Script control  Qutput  Windows Tools  Help

@mnnect Beoit [B|view | @ %Selup [ editor

cans [g) History [=|Logbook [=|Logfies (@ Erors Evedata 00 v @ v @

Experime... ¢ ¢ NICOS devices <
| Command line |
| Proposal | Filter:
e maw(linl,0) =
YA maw(lin2,10) Name . value Status
" twodscan(freq,554000,57,18, dac12b1 0, 0, 3, 2) v & agilent_33521a
ocal Contact . amp 0.043V
maw/(lin2,50) freq 554285 Hz
| setups twodscan(freq,554000,57,18, dacl2bl 0, 0, 3, 2) phase 0,000 Deg
v & beckhoff_dac
|__Samples | maw(lin1,200) dacl2bl 0 0,00V idle or paused
ooy MaMIn2,10) T I8 M e e
El t X b
quiignmants, twod;can(freq.554000,57,lEi. dacl2bl 0, 0, 3, 2) dac12b2_1 0.00V idle or paused
Detectors maw(lin2,50) ! dacl6bl_0 025V idle or paused
Scans % twodscan(freq,554000,57,18, dac12b1 0, 0, 3, 2) v- # delft_magnet
bl 18.236
e emarka maw(linl,400) b2 18193
maw(HnZ:lO) Ei g: ::2
twodscan(freq,554000,57,18, dac12bl 0, 0, 3, 2) v % goniometer
maw(lin2,50) ~ chi 0.16 deg moving orin ..,
twodscan(freq.5540001:‘>7.lEi. dacl2bl 0,0, 3, 2) v omega 0.00 deg moving or in .
Status: SEMSANS_17_GraphiteFrequol.py :: Scan dacl2bl_0:: Point 1/2:: Counting ©Ophi 0.00 deg idle or paused
- ~ | v & linear_tables
[12 1 = lin1’ 200,00 mm idle or paused
] daclzpbl 0 freq pixelman_udp P lin2 50.00 mm idle or paused
] AV Hz ks pixelman
R det pixelman_udp = 0. pixelman_ud...
] 0.00 554228 0.000 T
. . .. ] . : @ siit1 -1442.62 0.00 2935.24 99.99 mm [[eft=idle; bel..
Raspberry Pi Fitlet mini PC 122 3.00 554228 0.000 - stz
] @ slit2 -13.00 3.00 20.00 20.00 mm left=idle, rig...
EPlCS N lCOS [12:34:31] Finished at: 2016-11-26 12:34:31 v EYSEtEm
p
< > % Sample
) Space 77.906 GiB 77.91 GiB free
] Starting scan:  scan(dacl2bl 0,0, 3, 2, freq) V20
Channel Access server ] Started at: 2016-11-26 12:34:32 v i wfm_choppers
[12:34:32] Scan number 447 @ wim_chopper_distance 358.952 mm A=idle, B=idle
¢ [12:34:32] Filename: _ 00000447 dat i
[12 32]
[12:34:32] # dacl2pbl 0 freq pixelman_udp |
[12:34:32] \% Hz <
[12:34:32] v
< ) )< >
Device >>

CARESS PC 14
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Integration of ESS technology: N\ { gmm

Data reduction b |
 V20is a test bench for ESS technology and solutions

e Software development of WFM data reduction (‘stitching’) ongoing

T r - v
¥ Wockspoce-Nqne-l,—— =l ¥ Workspace-Name-part-1-1 lE]gu ¥ data-l . ' : M
| Workspace_Name_part_1 data
3'sw rrrrfrrrrfrrrrprred l | e LR | LI | LI 31*"05 R LI | LI I R L) | LI | LI
[ | = Workspace_Name_part_1 ] —— data
[ | = Workspace_Name part 2 4 r -
3.000 = Workspace_Name _part_3 - 3405 - .
[ | = Workspace_Name_part 4 ] L o ]
m o Workspace_Name_part S B
O a0 - L \Vodsoace_um}pm_ﬁ R I 2,5405 |- 2
NN ‘»
p 2000 ' 11 L w5 | -
'A '
&
150 |~ -1 1,5%405 — -
100 [ 3 10405 [ 3
0 benlenlenlenienlenienl 0 T I T T N T O IR TR -
0 16404 20404 3e+04  Ge+04  Se+04  bet04  Te+dd  Be+ld 0 16404 2+04 Je+04 48404 Se+04 be+04 7e+04 0 2 4 6 8 10 12
Time-of-flight (ps) Time-of-flight (ps) I Wavelength (A)
== == I = A =

15



Integration of ESS technology: EEE&:ET‘.‘SN
EPICS and time stamping &7

 V20is a test bench for ESS technology and solutions

* Next: Deploy EPICS infrastructure and timing event generator

* At V20: Demonstrate a full ESS
neutron instrument run from
central timing system and EPICS
control

16



AGENDA

» Overview V20:
* Introduction
 Chopper System
 Beam Characteristics
 Layout
* Available Detector Systems
» Platform for ESS Integrations
» Example Applications
» SEMSANS in practice at V20



Applications: ToF Bragg edge Imaging

Goals:

* Testing ToF imaging detectors
o heutron sensitive Micro Channel Plate detectors by
UC Berkeley (Anton Tremsin) and Proxivision/Surface Concept
 Demonstrate WFM mode and related data reduction (‘stitching’) for
imaging applications
 Demonstrate tunable wavelength resolution

17



Applications: ToF Bragg edge Imaging

F =
Sample N —y Experimental Setup at V20
P

Sllt (Plnhole)

lllll

Tensile Sample

MCP Imaging
Detector

06 —100% Austenite
—100% Martensite
0.55 —60% Austenite
s
2 05
o
5
c 045 |
e
'—
0.4
05 —ar——"7"———
1.7 1.9 2123 2527 29 31 33 35 37 3.9 4.1 4.3

Wavelength [A] ‘ Bproxi
A NISIOi

R. Woracek, et al. Adv. Materials 26 (2014) : 18
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Stitch &
Offset frames | Convert to A

e N == |
POO ++ BEAY POO ++ BAY

E I

qv]

@
m 150

>
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o
LLI

g | |
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| |

Q
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Applications: ToF Bragg edge Imaging

phase discrimination

Transmission

0.65

0.6

0.55

0.5

¢ Martensite

e Austenite

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

3.7 3.9 4.1
Wavelength [A]

EUROPEAN
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SOURCE

Stitch &
Convert to A

30000

OO0 ++ BEV

25000

20




Applications: ToF Bragg edge Imaging

 Demonstrate tunable wavelength resolution

« & stitching when Bragg edge overlap region

16000 3 — -

_ —D) 50.8m, 0.63%: No sample X)47.3m, S'"g'f Pulse

=' 14000 - _D) 50.8m, 0.63%: Samp|e | 2.5 0.6 N _C) 50.8m, 1.915)

5.12000 - —D) Transmission c c —D) 50.8m, 0.63%

£ 10000 2 8 205 |

c i a 2]

= a K]

8000 - - 1.5

S 6000 g g 041

E | -1 E ©

S 4000 = |

> L 05 0.3

2 2000 |

0 B 0 02 T T T
12 3 45 6 7 8 910 3.65 3.85 405  4.25 4.45
Wavelength [A] Wavelength [A]

14000
S —C)50.8m, 1.91%
= 12000 E) 50.8m, 1.91%, Shift 0.7 1=-c) 50.8m, 1.91%
d ’ n
E 10000 - ‘ \J\ ‘ A c 0.6 | E)50.8m, 1.91%, Shift e
S 8000 - : (\ Ay S
Q |\ 205
© 6000 | \| =
s \ g 0.4
£ 1000 | S £ 04
3 2000 b F o3 4
2 | \,“\ ) _M

| 1 1 [l | | | | | [l [l | | | \‘\\’\‘\\; \\\\\
0 | \ 1 \ \ 0.2 T T T T
0 2 4 6 8 10 12 396 401 406 411 4.16

Wavelength [A] Wavelength [A] -



Applications: ToF Imaging sPSl-

Distinction of liquid (super-cooled) water and ice with neutron imaging

250 —
— lee (-2°0)
— Liquid Water (6 °C)
F — Supercooled water (-2 °C)
200 — —— Room temp (20 °C) N

150 —

a) super-cooled water  p) jce

<

Total cross section per HZO molecule [b]

50 — —

| |
Ssousas

Wavelength [A]

M. Siegwart et al, Modval 14, 2016 22
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e Fast rotating Fermi Chopper (1kHz) for chopper array
* Neutronic test at 490Hz with use of MCP imaging detector (UC Berkeley)

* Move detector 2.4m

\ ~ downstream

v \\\ o -

X \\\\ g fm‘ |

.
opptmmi

VLY

e Left side better transmission: indication of deformation

M. Monkenbusch et al., Lightweight fast rotating Fermi-chopper...., to be submitted 23
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Markus Strobl,
Ralph P. Harti

15t setup: Triangular 2"d setup: RF magnets

Jeroen Plomp, Miche
SEMSANS in practice at V20 m Thijs, Andre Kusmi” SPatson

vy

sample

etector

W.G. Bouwman, C.P. Duif, R. Gahler,

[neutrons arriving same point
Physica B 404 2585-2589 (2009)

same polarisation

Animation: Courtesy of J. Plomp 24



Jeroen Plomp, Miche
SEMSANS in practice at V20 m Thijs, Andre Kusmin%‘ SPALLATON

Markus Strobl, SOURCE

: Ralph P. Harti
2"d setup: RF

: o ) § ’
el cnni— < “_ : » :
\ b | | 7
[ | =
i [ 7 & ‘ 4 ; [

= \ i pe .S .r . :
& ; : !

- - 2N

M ",
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ST,
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SOURCE

Markus Strobl,
Ralph P. Harti

15t setup: Triangular 2"d setup: RF

Jeroen Plomp, Miche
SEMSANS in practice at V20 m Thijs, Andre Kusmi” SPALLAON

Modulation periods: ¢ = wtan8,/(cA(B, — B))

SE lengths: 6°" = cA’L (B, — B,)/(wtan 6;) = AL,/¢

26



Jeroen Plomp, Mich

%
I Thijs, Andre Kusmin EDRCREN
Markus Strobl, SOURCE

Ralph P. Harti
2"d setup: RF

Modulation periods: ¢ = wtan8;/(cA (B, — By))

* limited by the maximum field we could

reach.
SE lengths: 6°" = cA’L (B, — B,)/(wtan 6;) = AL,/¢

» S-D distance large (50-100cm) to get
~10-150nm 26



Jeroen Plomp, Mich

i
I Thijs, Andre Kusmin EDRCREN
Markus Strobl, SOURCE

Ralph P. Harti

Modulation periods: (= wtan8,/(cA(B, — B;))

* limited by the maximum field we could * limited by the detector resolution

reach
SE lengths: 6°" = cA’L (B, — B,)/(wtan 6;) = AL,/¢

» S-D distance large (50-100cm) to get * S-D of 20cm is reasonable to get
~10-150nm ~400nm (at 6A)

26
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Markus Strobl,
Ralph P. Harti

Jeroen Plomp, Miche
SEMSANS in practice at V20 m Thijs, Andre Kusmi” SPatson

* Practical example (initial results using triangular coils): metallic weld

Example: first results

Wavelength resolved transmission imaging
WB Lambda 1 Lambda 2 Lambda 3

Weld interface Partially melted zone
Composite
zone
Unaffected Unaffected
base metal HAZ HAZ base metal
Unmixed zm

27
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Markus Strobl,
Ralph P. Harti

Jeroen Plomp, Mlche
SEMSANS in practice at V20 m Thijs, Andre K“S”"“ )ggmm

* Practical example (initial results using triangular coils): metallic weld

0.4} «  sample
o empty beam

. et :I‘:« ’5"’/! ;
Example: first results ol o 2\ Ve 4
0.2F N % =5/ |
0.4t powder (region i) \ 1
AN
0.4 «  sample
:. o empty beam
+ 02 /!‘\
; 0 / :@
= ‘ ; L\ £
Nl. 0.2 / 3 f
Fof %,

01} empty (region j)

04t « sample
o empty beam

E: *‘»IT
0} f "_ %T
i;{? l \1 Ii
0.2 3‘ f
01+ PS dispersion (region k)
200 260 280 300 320 34
M. Strobl et.al., Scientific Reports, 2015 Detector column, [pixel] 27
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Jeroen Plomp, Miche

Markus Strobl,

I Thijs, Andre Kusmin
Ralph P. Harti

Lambda 1

.-**III
Mnhﬂ.rl.:hn

T g T e g o
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&J |
’

300
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]
¥
200
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o o

-0.4

[ oA

TI0Y a

Practical example (initial results using triangular coils): metallic weld

Local differences visible between regions of a w

Example: first results

)
AN
>
®©
QO
S
3]
=
o
=
%
Z
<
")
=
L]
0

500

27

300

index [1]-7

index [1]-7

200

400 500

index [1]-7
300

index [1]-7

200

06 || —— V0

5) /vy (6%) = ¢=1(G(%)

Vs (
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Markus Strobl,
Ralph P. Harti

Jeroen Plomp, Miche
SEMSANS in practice at V20 m Thijs, Andre Kusm'” SPatson

* Practical example: metallic weld
* Local differences visible between regions of a weld

Example: first results

1.2

—+—454 1 —8—456 1

0.8

0.6

V/Vo

0.4

0.2

V= (Imax - Imin)/(lmax + Imin)
0 50 100 150 200

SE SE\ _ xt(G(6°F)—1
Vs (67)/ Vo (677) = e ( ) SE-length [nm]

27



SEMSANS in practice at V20

m Jeroen Plomp, Mich
il Thijs, Andre Kusmin

Markus Strobl,
Ralph P. Harti

Initial results from setup with RF magnets

Sample: carbon disk \ ‘
Imagel) demonstration

Here: Scanning of SE position

(S
EUROPEAN
SPALLATION
SOURCE

1000

900

—+SE modulation

1200.00

o]
Q
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~ 1000.00

~
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o

o))
o
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- 800.00

£
=]
o

600.00

w
o
o

period [um]

- 400.00

spin-echo value [nm]
u
Qo
o

- 200.00

0.2 0.4 0.6

Lambda [nm]

0.00

28



SUMMARY

* V20 provides platform to integrate and test new methods,
components, hardware...., to develop data reduction and analysis
 Methods like SEMSANS appear to have huge potential for relevant

guestions: Now let’s start to make use of it!

* V20 open to develop and test novel techniques

e Contact: robin.woracek@esss.se

29
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Look In nhew directions...

4454 1 —=—456_1
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