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ESS	High-level	Description

• Long-pulse	spallation	source
– 5	MW,	14	Hz	repetition	rate,	2.86	ms pulse	length
– peak	brightness	~	JPARC	at	1	MW
– time-average	brightness	~	ILL	at	57	MW

• Next-generation	machine
– Superconducting	linac,	no	compressor	ring
– Rotating	W	target	wheel
– 3cm-tall	butterfly	moderators
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ESS	High-level	Description

• Long-pulse	spallation	source
– 5	MW,	14	Hz	repetition	rate,	2.86	ms pulse	length
– peak	brightness	~	JPARC	at	1	MW
– time-average	brightness	~	ILL	at	57	MW

• Next-generation	machine
– Superconducting	linac,	no	compressor	ring
– Rotating	W	target	wheel
– 3cm-tall	butterfly	moderators
– 22	instruments	(15	paid	out	of	construction)
– 42	beamports:	good	upgrade	possibilities)

• High-level	numbers
– 200	days/year	of	operation
– Construction	budget:	1843	M€
– Operating	budget:	140	M€/year
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Instrument	Suite
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Tentative	Instrument	Ramp-up

Instrument 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030
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Hot CommissioningConstruction Project User Programme50		75			100%

based	on	Instrument	Construction	Working	Schedule	V3.1,	25/4/2017
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Vaals “Experts	Meeting”	2010
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Instrument	Selection	Process

• ESS	and	Partners	developed	concepts
– guided	by	Science	Symposia
– coordinated	centrally	by	ESS
– concept	development	as	in-kind	contributions

• Annual	instrument	proposal	rounds	(2012,13,14)
– peer-review	panels	(STAPs	and	SAC)
– guided	by	early	success	strategy
– accepted	instruments	built	as	in-kind	contributions
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Science	Symposia

• Organised by	the	community
• ESS	co-funding	with	some	strings	attached

– make	recommendations	on	how	ESS	can	contribute	to	their	field
– we	input	into	the	agenda
– output:	report	with	specific	recommendations	for	us

• 23	science	symposia	held	during	2011-2015
– about	500	participants	in	total

18
https://europeanspallationsource.se/ess-science-symposia

Neutrons and Food 29 Jan – 1 Feb 2012, Delft 

NIUS 2012

Neutron Imaging User Symposium

April 15th  to 18th  2012

Hotel zur Therme, Bad Zurzach, Switzerland

The purpose of this symposium is the active exchange of knowledge and 

experience gained in the past years in the field of neutron imaging by our users at 

beam lines of different European neutron sources. In intense dialog with the facilities 

operators and with the other participants of the symposium we want to identify the 

current state of the art, to define further request for technical and scientific 

improvements and to brainstorm about best possible evaluation procedures in the 

field of neutron imaging.

In addition, we want to focus your interest to the options at the upcoming European 

Spallation Neutron Source ESS to be built in Lund (Sweden) until 2019. The 

opportunities and challenges for different techniques in neutron imaging should also 

be discussed during the meeting.

www.psi.ch/nius2012

Submit your abstract and register online

http://i
ndico.p

si.ch//e
vent/sc

isymp

Neutrons for 

Future Energy Strategies

PSI, Villigen, Switzerland

May 27–29, 2013

ESS SCIENCE SYMPOSIUM

INVITED SPEAKERS 

Masatoshi Arai (J-PARC, Japan)

David Bourillot (PSI, Switzerland)

Stuart Holdsworth (Empa, Switzerland)

Maths Karlsson (Chalmers, Sweden)

Holger Kohlmann (U Leipzig, Germany)

Gabor Laurenczy (EPFL, Switzerland)

Eberhard Lehmann (PSI, Switzerland)

Alfons Molenbroek (Haldor Topsøe, Denmark)

Jörg Pieper (U Tartu, Estonia)

Timmy Ramirez-Cuesta (ISIS, United Kingdom)

Markus Strobl (ESS, Lund, Sweden)

Stenbjörn Styring (U Uppsala, Sweden)

Dirk Wallacher (HZB, Germany)

Alexander Wokaun (PSI, Switzerland)

SCIENTIFIC ADVISORY COMMITTEE

Dimitri Argyriou (ESS, Lund, Sweden)

Alan Hurd (Santa Fe Institute, USA)

Petr Novak (PSI, Switzerland)

Margerita Russina (HZB, Germany)

Andreas Züttel (Empa, Switzerland)

LOCAL ORGANIZING COMMITTEE

Artur Braun (Empa, Switzerland)

Denis Cheptiakov (PSI, Switzerland)

Jan Peter Embs (PSI, Switzerland)

Pamela Knupp (PSI, Switzerland) 

Arndt Remhof (Empa, Switzerland)

Sigita Urbonaite (PSI, Switzerland) 

Claire Villevieille (PSI, Switzerland)

Dai Yong (PSI, Switzerland)

CONTACT

Jan Peter Embs

Phone +41 56 310 53 92

jan.embs@psi.ch



Instrument	Concepts	2010-14
Conventional	SANS

Small-Sample	SANS

Compact	SANS

Broadband	SANS

Liquids	Reflectometer

Magnetism	Reflectometer

Vertical	Focusing	Reflectometer

Horizontal	Focusing	Reflectometer

Fast	Kinetics	Liquids	Reflectometer

Macromolecular Diffractometer

Cold	Magnetism	Single-Crystal	Diffractometer

Thermal Magnetism	Single-Crystal	Diffractometer

Bispectral	Powder	Diffractometer

Extreme Environments	Beamline

High-Pressure	Diffractometer

Hybrid Multiscale Diffractometer

Thermal	Powder	Diffractometer

Pulsed Monochromatic	Diffractometer

Multiplexing Engineering	Diffractometer

In-Situ Engineering	Diffractometer

High	Flexibility Engineering	Diffractometer

Cold	Chopper	Spectrometer

Bispectral	Chopper	Spectrometer

Thermal	Chopper	Spectrometer

Broadband	Chopper	Spectrometer

Crystal	Monochromator	Spectrometer

Crystal-Analyser Spectrometer

Backscattering Spectrometer

Vibrational	Spectrometer

High-Resolution Spin-Echo

Wide-Angle	Spin-Echo

Longitudinal	Resonance	Spin-Echo

Fast Kinetics	Imaging

High-Resolution	Imaging

Multi-Purpose	Imaging

Fundamental	Physics	Beamline

Ultra-Cold	Neutron	Facility

Chip	Irradiation	Facility

Neutron-AntiNeutron Oscillations

La
rg

e-
Sc

al
e 

St
ru

ct
ur

es
D

iff
ra

ct
io

n

Sp
ec

tro
sc

op
y

Im
ag

in
g

FP

39	instrument	concepts	studied	+	8	add-ons



Managing	Instrument	Concept	Development

• Arrange	into	11	Instrument	Classes
– SANS,	Reflectometry,	Macromolecular	Diffraction,	Single-Crystal	Diffraction,	

Powder	Diffraction,	Engineering	Diffraction,	Imaging,	Direct-Geometry	
Spectroscopy,	Indirect-Geometry	Spectroscopy,	Spin-Echo,	Fundamental	Physics

• Recruit	Instrument	Scientists	to	manage	Concept	Development
– Instrument	Class	Coordinators

• Set	up	an	advisory	panel	for	each	Instrument	Class:
– Scientific	and	Technical	Advisory	Panel	(STAP)

• Persuade/Cajole/Push/Manipulate	teams	into	collaborating	and	adapting
– Instrument	Class	Coordinators	and	STAPs
– Twice-Yearly	In-Kind	Collaboration	(IKON)	Meetings

• Deliverable	for	each	Instrument	Concept	Development:	Instrument	
Proposal
– science	case,	instrument	description	&	performance,	technical	risks

• Annual	Reviews	of	Instrument	Proposals
– 2012:	4	proposals
– 2013:	16	proposals
– 2014:	11	proposals

• Peer	Reviews	by	STAPs	and	Scientific	Advisory	Committee	(SAC) 20
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The	ESS	Neutron	Spin-Echo	Saga
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The	ESS	Neutron	Spin-Echo	Saga

• TDR:	2	NSE	instruments:	high-resolution	(IN15)	and	wide-angle	(SPAN)
• 2014	proposal	round

– ESSENSE	(FZJ)	not	supported	by	SAC:	unclear	if	high-resolution	or	wide-angle	
should	be	first

– NSE	science	workshop:	high-resolution	NSE	is	priority
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The	ESS	Neutron	Spin-Echo	Saga

• TDR:	2	NSE	instruments:	high-resolution	(IN15)	and	wide-angle	(SPAN)
• 2014	proposal	round

– ESSENSE	(FZJ)	not	supported	by	SAC:	unclear	if	high-resolution	or	wide-angle	
should	be	first

– NSE	science	workshop:	high-resolution	NSE	is	priority
• 2015	competing	proposals

– ESSENSE	(FZJ)	conventional	high-resolution

32

ESS Instrument Proposal
Document Number MXName
Project Name High Resolution NSE
Date April 10, 2015

4 m from the sample to the fi/2-flipper. When using water-cooled copper solenoids instead
only a partial compensation –to ensure a working spin-echo configuration– is possible (see
appendix). For a (in)homogeneity (measured by a parameter H) limited NSE-spectrometer
the resolution determining parameter H yields ·

max

ƒ H⁄2, i.e. for a given construction
the resolution depends on the square of the wavelength. An improvement of H either allows
usage of shorter wavelength for a given Fourier-time or usage of larger Fourier-time at a given
wavelength. The anticipated homogeneity improvement would pave the way for a Fourier-time
·=1000 ns (ƒ0.7 neV) at ⁄ = 20 Å .

0.
68

 m

coil assembly
neutrons
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Figure 10: The picture shows a horizontal section of the magnetic coils on a plane containing
the coil axis. In the right arm the system of concentric, fully compensated, superconducting
coils is put in evidence: the coils with +NI are colored in red while the compensating ones with
≠NI/2 are colored in blue. The green solid lines indicate a normal conducting coil, the dashed
green line delimits the space needed by one of the short-time option. The largest dimensions
for one arm are reported. The robustness of field homogeneity for this configuration has been
tested for a position of the fi flipper up to 20 cm from the sample.

The coil assembly. We present here a solution for superconducting solenoids [54]. For a
comprehensive comparison of the properties, the advantages or disadvantages of superconduct-
ing versus water-cooled copper coils we refer to the enclosure. A decision in favor of one of the
two solutions will be taken on the basis of the information obtained from the refurbishments of
IN15 and J-NSE. The family of solutions is represented by the typical configuration sketched in
Figure (10). The coil assembly is about 2.4 m long with a maximum coil radius of 0.68 m and
consists of five fully compensated, superconducting parts. The solutions are robust against
adjustment of coil length and winding numbers needed in order to facilitate manufacturing
using constant winding pitch according to wire diameter and such that an even number of full
layers results (here: assuming the 0.9 mm diameter wire, as was used in the SNS-NSE). The
optimizations were performed with a fi flipper positioned between 10 cm to 20 cm from the
sample. If required by bulky sample environments or special setups more sample space can
be supplied by the possibility to include extra distance pieces between spectrometer arms and
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Wavelength	range	 3 – 25	Å

Bandwidth 8	Å

Max.	field	integral >	1.5	T.m

t-range 1ps-1µs

Fully-compensated superconducting	
coils	with	magnetic	shielding

Very low	field-integral	inhomogeneity



The	ESS	Neutron	Spin-Echo	Saga

• TDR:	2	NSE	instruments:	high-resolution	(IN15)	and	wide-angle	(SPAN)
• 2014	proposal	round

– ESSENSE	(FZJ)	not	supported	by	SAC:	unclear	if	high-resolution	or	wide-angle	
should	be	first

– NSE	science	workshop:	high-resolution	NSE	is	priority
• 2015	competing	proposals

– ESSENSE	(FZJ)	conventional	high-resolution	
– RESPECT	(TUM)	longitudinal	neutron	resonant	spin-echo	(LNRSE)
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Wavelength	range	 3 – 25	Å

Bandwidth 8	Å

2014/2015 Instrument Construction
Round Proposal
Revision Date 4/16/2015

solenoidLNRSE LNRSEsolenoidLNRSE LNRSEpolarizer sample

detector

B
analyzer

rf-coilrf-coil rf-coilrf-coil

Figure 2: Schematic of the proposed spectrometer in LNRSE configuration: The static fields are
printed in blue and the guide field in red. Note that in contrast to classical NRSE the orientation of
the static B0-fields is parallel to the optical axis of the instrument. The solenoids between the LNRSE
coils can be used to tune the spin echo times towards zero. Note that the length of the LNRSE coils
ist typical much shorter as the equivalent coils of length L1 in a classical NSE instrument.

MIEZE is the abbreviation for Modulation of IntEnsity with Zero Effort. The resolution and parameter
range of these three types of spectrometers is limited due to various technical constraints.

For the instrument RESPECT we propose as a baseline to use a resonant spin echo technique with
a longitudinal field geometry throughout the beam line, i.e., Longitudinal NRSE (LNRSE) similarly
as first proposed by Häußler et al. [50], which combines the advantages of both NSE and NRSE in one
spectrometer. On the one hand, this combination allows to profit from the experience and knowledge
of instrument design gathered over 40 years using NSE and NRSE. On the other hand LNRSE allows
to use the same correction techniques as the ones established in classical NSE and therefore to achieve
at least the same energy resolution as classical NSE spectrometers.

The technique of resonant spin flips employed in LNRSE provides the possibility to readily use
the spectrometer in a MIEZE-1 configuration and thus to study samples under depolarising condi-
tions. Therefore we propose a later optional upgrade which will allow for spin echo measurements in
depolarising samples (containing hydrogen, being ferromagnetic) and extreme sample environments.
Another optional upgrade using a MIEZE-2 configuration would provide similar functionalities as the
wide angle NSE-spectrometer WASP to be realized at the ILL [51].

2.1 Longitudinal Neutron Resonance Spin-Echo Spectroscopy

In contrast to conventional NRSE the longitudinal setup is based on static fields B0 which are parallel
to the wavevector k

i

of the incident neutrons. This mimics the highly symmetric cylindrical field ge-
ometry of classical NSE. The radio frequency fields are installed perpendicular to k

i

as in conventional
NRSE. A schematic setup is shown in Fig. 2. The precession region is defined by two ⇡/2-flippers at
the beginning and the end of the first and second spectrometer arm, respectively. Each arm contains
two LNRSE coils and a solenoid in between them. Along the flight path between the two ⇡/2-flippers
there is a longitudinal guide field to maintain the polarisation of the neutrons. If required, the pre-
cession can be reversed by a ⇡-flipper in front of the sample. The static B0-coils consist of main and
auxiliary coils in Helmholtz-configuration where the auxiliary coils are producing an antiparallel field
with respect to the main precession field B0. These auxiliary coils are used as in classical NSE to
improve the field homogeneity at the entrance and exit of the coils and moreover to homogenise the
magnetic field in the region of the radio frequency coils.

A dedicated LNRSE setup [52] has been realised at the instrument RESEDA at MLZ (see also
[53, 54]). First test measurements demonstrate that up to an effective field integral of 0.160 Tm no field
corrections are required. The usefulness of the standard correction coil technique was demonstrated
in an earlier test experiment at IN11 [50]. In this experiment, the second conventional NSE arm
was replaced by a LNRSE arm to compare directly the magnitude of the required correction fields,
revealing that much smaller correction currents are needed in the LNRSE arm. Therefore much less
material from the Fresnel coils is in the beam and the demands for their cooling are tremendously
reduced. The smaller correction currents are caused by two intrinsic properties of LNRSE: i) due to
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Effect.	field	integral 1	T.m

Max.	radio	freq. 5	MHz

t-range <<ps - 1µs
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The	ESS	Neutron	Spin-Echo	Saga

• TDR:	2	NSE	instruments:	high-resolution	(IN15)	and	wide-angle	(SPAN)
• 2014	proposal	round

– ESSENSE	(FZJ)	not	supported	by	SAC:	unclear	if	high-resolution	or	wide-angle	
should	be	first

– NSE	science	workshop:	high-resolution	NSE	is	priority
• 2015	competing	proposals

– ESSENSE	(FZJ)	conventional	high-resolution	– endorsed	by	STAP
– RESPECT	(TUM)	longitudinal	neutron	resonant	spin-echo	(LNRSE)	– not	endorsed	by	

STAP
– SAC	advice:	postpone	decision	until	LNRSE	is	more	mature
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The	ESS	Neutron	Spin-Echo	Saga

• TDR:	2	NSE	instruments:	high-resolution	(IN15)	and	wide-angle	(SPAN)
• 2014	proposal	round

– ESSENSE	(FZJ)	not	supported	by	SAC:	unclear	if	high-resolution	or	wide-angle	
should	be	first

– NSE	science	workshop:	high-resolution	NSE	is	priority
• 2015	competing	proposals

– ESSENSE	(FZJ)	conventional	high-resolution	– endorsed	by	STAP
– RESPECT	(TUM)	longitudinal	neutron	resonant	spin-echo	(LNRSE)	– not	endorsed	by	

STAP
– SAC	advice:	postpone	decision	until	LNRSE	is	more	mature

• Technical	issues	to	address
– ESSENSE:	resistive	or	superconducting	(IN15	and	J-NSE	upgrades)
– RESPECT:	longer	Fourier	times	(RESEDA),	focusing	guide	with	LNRSE,	study	field	

correction
• Project	decision

– Go	ahead	with	the	other	15	instruments
– NSE	not	included	in	instrument	suite	yet
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Neutron	Spin-Echo
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Neutron	Spin-Echo	at	ESS	in	2015

• Opportunity	for	increasing	time	range	by	3	orders	of	magnitude
• Strongly	flux-limited	technique

– rather	specialised community
• ESS	instrument	may	be	transformative	for	wider	user	community
• Technical	uncertainties

– ESSENSE:	resistive	or	superconducting	coils?
– RESPECT:	very	immature	technique

• Two-year	programme
– demonstrate	promise	of	longitudinal	resonant	spin-echo
– can	neutron	guides	be	used	within	“precession”	region?
– can	conventional	and	LNRSE	techniques	be	combined?

• August	2015:	FZJ	and	TUM	decide	to	collaborate	on	CONSENS
– ESS	welcomes	collaboration	and	emphasises resolving	technical	issues

• November	2015:	CONSENS	kick-off	meeting
– work	plan	agreed	on	for	answering	technical	issues
– hybrid	instrument	being	developed
– plan	to	end	work	in	2017
– agreement	to	invite	STAP	advice	in	2016
– ESS	needs	to	be	able	to	make	a	well-informed	decision	on	the	best	HR-NSE	instrument
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Spin-Echo	STAP	Meeting	(Garching)
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Friday	16/9/2016
9:00 Welcome	&	ESS	Update

Ken	Andersen

9:30 NSE	History	and	Meeting	Scope
Melissa	Sharp

10:00 Presentation	of	CONSENS design

13:00 Presentation	of	CONSENS	results

15:00 Closed	Session

16:00 Feedback

ESSENSE	team
Michael Monkenbusch

Stefano	Pasini

Teddy	Kozielewski

RESPECT	team
Christian	Pfleiderer

Peter	Böni

ESS	team
Ken	Andersen

Melissa	Sharp

STAP	members
Georg	Ehlers

Stéphane Longeville

Thomas	Keller

(Hitoshi	Endo)

Peter	Falus
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Instrument	Status

• CONSENS
– highest	possible	resolution	for	both	soft	and	hard	condensed	matter	
– combines	standard	NSE	and	LRNSE
– MIEZE	option	allows	high	magnetic	fields	at	sample

39

MIEZE	extreme	
environment	part

MIEZE	sample	stage	
(up	to	20T…)

high	res.	normal	NSE	part	with
extra	LNRSE-MIEZE	RF	setup	

2	sample	positions

RF	flipper	with	NSE	coils



Instrument	Status

• Coil	upgrades:	IN15	&	J-NSE
– field	profiles
– correction	elements

• RESEDA	upgrades
– L-MIEZE	demonstrated:	5	orders	of	magnitude	in	tNSE
– demonstration	of	straight	guide

• Optimisation of	CONSENS	primary	spectrometer
– adaptation	to	new	moderator	geometry
– improved	polarisation
– chopper	system
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NSE	STAP	Findings	&	Recommendations

• Hybrid	CONSENS	instrument	is	not	viable
– well-optimised ESSENSE
– highly	compromised	RESPECT	add-on

• Great	progress	made	in	LNRSE	development
• Stop	development	of	hybrid	instrument
• Update	and	improve	ESSENSE

– study	SNS-NSE	limitations	and	apply	lessons
– profit	from	IN15	and	J-NSE	upgrades:	evaluate	NC	vs	SC	coils

• Continue	work	on	RESEDA	to	improve	RESPECT
– demonstrate	longer	Fourier	times
– compatibility	with	focusing	optics
– need	for	and	performance	of	field	correction	elements

• Produce	updated	proposals	in	2017/18
– timing	to	be	determined	by	proposal	rounds	for	instruments	16-22

41



NSE	Add-Ons

• Only	full	instrument	concepts	considered	so	far
– 8	add-on	options	were	also	considered

• TU-Delft	considered	several	NSE	add-ons	in	2011-15
– SANS:	accessing	lower	Q	via	SESANS	and	SEMSANS
– Reflectometer:	measuring	in-plane	structures	via	SERGIS
– Imaging:	dark-field	imaging	using	SEMSANS
– Diffractometer:	accessing	inelastic	information	using	
TOFLAR
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Larmor	labelling	techniques

• TOFLAR labelling	of	wavelength	

• SESANS
SERGIS labelling	of	scattering	angle		
SEMSANS



Larmor	labelling	techniques

• TOFLAR	 labelling	of	wavelength	

( ) ( )I B i B dl l= ò ,Intensity	at	detector: is	the	Fourier	transform	of	the	spectrum

( ) ( ) ( )( ), 1 cosi B cBll r l l= +
( )r l

polarizer analyzer

precession field

detector
l



TOFLAR	applied	in	neutron	diffraction

Test	measurements	at	SNS	and	ISIS	are	not	yet	decisive1,2,	will	be	continued	

1Kusmin	et	al.,	EPJ	Web	of	Conferences	83 (2015)	03009
2Kusmin	et	al.,	 ISIS	experimental report	RB1620260

Bragg	peaks:	elastic-coherent

Background:

l Elastic-coherent	(static	disorder)
l Elastic-incoherent
l Inelastic-coherent	
l Inelastic-incoherent	

Henry	et	al.	2009

can	be	determined	
by	means	of	TOFLAR	add-on

(modulator,	<	2m,	in	primary	beam)



Larmor	labelling	techniques

• SESANS
SERGIS labelling	of	scattering	angle		

• precession	field	before	and	after	sample
• spin-echo	polarisation	as	a	function	of	wavelength	and	magnetic	field

yields	structural	correlation	function	in	real	space	
• coding	direction	/	structural	information	:	y-direction
• length	scale:	30	nm	– 10	µm



Larmor	labelling	techniques

• SEMSANS labelling	of	scattering	angle	

a
n
a

1a
2a

2B
1B

1L
2L

p
o
l

sample

• alternative	for	SESANS3
• all	spin-manipulation	components	before	sample

(magnetic	samples	possible)	
• for	right	combination	a1,	a2,	B1,	B2,	L1,	L2:	intensity	modulation	on	detector
• with	sample:	decrease	of	modulation	amplitude	→ structural	information
• length	scale:	30	nm	– 10	µm

3Bouwman	et	al.,	Physica B	404	(2009)	2585



SANS	with	SEMSANS	add-on	at	LOKI	4

4Kusmin	et	al.,	NIM	A.	856 (2017)	119	

• replace	beam	stop	by	SEMSANS	detector	
• simultaneous	SANS/SEMSANS:		scale	probed:		1	nm	– 10	µm



Larmor	labelling	in	reflectometry	(SERGIS)

• Principle

off-specular	reflection	(in-plane	structure)

spin-echo	coding	(in-plane	structure)

specular	reflection	(perpendicular	profile)



Larmor	labelling	in	reflectometry	(SERGIS)

Conclusions	from	one	decade	of	research

• Spin-echo	signal	(SERGIS)	in	specular	intensity	only	measurable	
in	very	special	cases	(highly-scattering	sample,	e.g.	from	gratings5 )

• SERGIS	has	to	be	determined	in	off-specular	intensity
• This	means	that	in-plane	structures	>	10	µm	should	be	present
• SERGIS	is	sensitive	for	structures	~	10	– 500	nm
• Science	case:	samples	with	large	range	of	length	scales	of	in-plane	structures

5R.	Ashkar	et	al.,	J.	Appl.	Phys.	110 (2011)	102201



Larmor	labelling	in	reflectometry	(SERGIS)

Example:	dewetted block-copolymer	P(dS-b-pMS)	6

6P.	Muller-Buschbaum,	J.	Phys.-Cond.	Matter	17 (2005)	S363-S386

AFM	measurements interpretation,	incl.	GISAXS,	GISANS

• Droplet	separation		~		1µm

• Internal	structure	of	droplets
with	period	~	100	nm



Larmor	labelling	in	reflectometry	(SERGIS)

Example:	dewetted block-copolymer	P(dS-b-pMS)	

7A.	Vorobiev et	al.,	J.	Phys.	Chem.	B	115 (2011)	5754	

SERGIS	with	monochromatic	reflectometer	(ADAM,	ILL)7

SERGIS	signal	was	determined
in	off-specular	intensity	(ROI),
i.e.	very	weak	signal



Larmor	labelling	in	reflectometry	(SERGIS)

Example:	dewetted block-copolymer	P(dS-b-pMS)	

8A.	A.	van	Well	et	al.,	ESS-report	(2014)		

SERGIS	with	TOF	reflectometer	(Offspec,	ISIS)8

off-specular	intensity	too	weak
to	analyse	SERGIS	signal



Larmor	labelling	in	reflectometry	(SERGIS)

Conclusion:

• With	monochromatic	setup	all	neutron	intensity	cab	be	focussed	on	narrow	
area	in	Q-space,	while	in	TOF	setup	intensity	is	spread	over	large	Q-area
(compare	3-axis	- TOF)9

• That	is	why	the	ILL	SERGIS	on	weak-scattering	samples	is	more	successful	
as	compared	to	the	ISIS	experiments

• Since	the	average	neutron	flux	of	ESS	is	comparable	to	ILL	flux,	the	SERGIS	signal
at	ESS	will	sufficient

• Moreover,	a	large	Q-range	will	be	probed
simultaneously,	with	at	least	the	same	
quality	as	the	ILL	results	(see	figure:	
total	plot,	TOF, versus	white	line,	mono)

• Science	case:	large	range	of	length	scales
should	be	present

• Possible	inplementation in	FREIA	

9S.R.	Parnell	et	al.,	ICANS	(2017)		



Tentative	Instrument	Ramp-up

Instrument 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030

LOKI

ODIN

NMX

ESTIA

CSPEC

DREAM

SKADI

BEER

BIFROST

MAGIC

T-REX

VESPA

MIRACLES

HEIMDAL

FREIA

Instrument	16

Instrument	17

Instrument	18

Instrument	19

Instrument	20

Instrument	21

Instrument	22

Hot CommissioningConstruction Project User Programme50		75			100%

1

2

based	on	Instrument	Construction	Working	Schedule	V3.1,	25/4/2017

1MW

2MW

3MW

4MW

5MW

8	instruments	in	user	programme



Instrument	Concepts	for	Evaluation

• Update	Existing	Instrument	Proposals
– VOR	Broadband	Chopper	Spectrometer	(already	endorsed	by	SAC)
– ESSENSE	&	RESPECT	High-Resolution	NSE
– ANNI	Fundamental	Physics
– ESPRESSO	High-Pressure	Diffraction
– SLEIPNIR	Bio-SANS
– HOD	Crystal-Monochromator	Diffractometer	with	Polarisation Analysis	

for	Hydrogenous	Systems
• Develop	New	Instrument	Proposals

– Surface	Scattering
– Alternative	High-Resolution	NSE
– Wide-Angle	NSE
– Very	Fast	Crystal-Analyser Spectrometer	(as	proposed	by	Rob	Bewley

at	ECNS	2015)
– Ultra-Cold	Neutrons	(based	on	Expression	of	Interest	from	2015	

proposal	round)
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Selected	Instruments	Now

ODIN	imaging

SKADI	GP-SANS

LOKI	Broadband	SANS
Surface	Scattering

FREIA	Hor.	Refl.

ESTIA	Ver.	Refl.

HEIMDAL	Pow.	Diffr.

DREAM	Pow.	Diffr.
Monochromatic Powder	
Diffractometer

BEER	Eng.	Diffr.
Extreme	Conditions	
Diffractometer

MAGIC	Magn.	Diffr.

NMX	Macromol.	Diffr.

CSPEC	ColdChopSp
Bispectral	Chopper	
Spectrometer

T-REX	ThChopSpec

BIFROST Xana Spec

VESPA Vibr.Spec.

MIRACLES BckScatt
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life	sciences magnetism	&	
superconductivity

soft	condensed	matter engineering	& geo-sciences

chemistry	of	materials archeology	&	heritage	
conservation

energy	research fundamental	&	particle	
physics



ODIN	imaging

SKADI	GP-SANS

LOKI	Broadband	SANS
Surface	Scattering Develop	GI-SANS	proposal

FREIA	Hor.	Refl.

ESTIA	Ver.	Refl.

HEIMDAL	Pow.	Diffr.

DREAM	Pow.	Diffr.
Monochromatic Powder	
Diffractometer

BEER	Eng.	Diffr.
Extreme	Conditions	
Diffractometer

MAGIC	Magn.	Diffr.

NMX	Macromol.	Diffr.

Possible	Instruments	for	Round	1	(2019)?

CSPEC	ColdChopSp
Bispectral	Chopper	
Spectrometer

Already	accepted
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BIFROST Xana Spec

VESPA Vibr.Spec.

MIRACLES BckScatt

High-Resolution	Spin-Echo Update	NSE	proposals
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life	sciences magnetism	&	
superconductivity

soft	condensed	matter engineering	& geo-sciences

chemistry	of	materials archeology	&	heritage	
conservation

energy	research fundamental	&	particle	
physics

Update	ESPRESSO	proposal



ODIN	imaging

SKADI	GP-SANS

LOKI	Broadband	SANS
Surface	Scattering Develop	GI-SANS	proposal

FREIA	Hor.	Refl.

ESTIA	Ver.	Refl.

HEIMDAL	Pow.	Diffr.

DREAM	Pow.	Diffr.
Monochromatic Powder	
Diffractometer

BEER	Eng.	Diffr.
Extreme	Conditions	
Diffractometer

MAGIC	Magn.	Diffr.

NMX	Macromol.	Diffr.

Possible	Instruments	for	Round	1	(2019)?

CSPEC	ColdChopSp
Bispectral	Chopper	
Spectrometer

Already	accepted

T-REX	ThChopSpec

BIFROST Xana Spec

VESPA Vibr.Spec.

MIRACLES BckScatt

High-Resolution	Spin-Echo Update	NSE	proposals

Wide-Angle	Spin-Echo

Fundamental	&	Particle	
Physics

Update	ANNI	proposal
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Update	ESPRESSO	proposal Round	2	(2021):	
Space	for	exciting	new	ideas
Open	call	with	competitive	process



Tentative	Instrument	Ramp-up

Instrument 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030

LOKI

ODIN

NMX

ESTIA

CSPEC

DREAM

SKADI

BEER

BIFROST

MAGIC

T-REX

VESPA

MIRACLES

HEIMDAL

FREIA

Instrument	16

Instrument	17

Instrument	18

Instrument	19

Instrument	20

Instrument	21

Instrument	22

Hot CommissioningConstruction Project User Programme50		75			100%

1

2

based	on	Instrument	Construction	Working	Schedule	V3.1,	25/4/2017

1MW

2MW

3MW

4MW

5MW

8	instruments	in	user	programme



Thank	You!
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