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A modulation of intensity with zero effort (MIEZE) setup is proposed for high-

resolution neutron spectroscopy at momentum transfers up to 3 Å�1, energy

transfers up to 20 meV and an energy resolution in the microelectronvolt range

using both thermal and cold neutrons. MIEZE has two prominent advantages

compared with classical neutron spin echo. The first is the possibility to

investigate spin-depolarizing samples or samples in strong magnetic fields

without loss of signal amplitude and intensity. This allows for the study of spin

fluctuations in ferromagnets, and facilitates the study of samples with strong

spin-incoherent scattering. The second advantage is that multi-analyzer setups

can be implemented with comparatively little effort. The use of thermal

neutrons increases the range of validity of the spin-echo approximation towards

shorter spin-echo times. In turn, the thermal MIEZE option for greater ranges

(TIGER) closes the gap between classical neutron spin-echo spectroscopy and

conventional high-resolution neutron spectroscopy techniques such as triple-

axis, time-of-flight and back-scattering. To illustrate the feasibility of TIGER,

this paper presents the details of its implementation at the RESEDA beamline

at FRM II by means of an additional velocity selector, polarizer and analyzer.

1. Introduction

The need for high-resolution neutron spectroscopy over a

wide range of momentum transfers, Q, has motivated major

advances in neutron instrumentation in recent years. Key

scientific questions that require high energy resolution over a

large Q range involve, for example, the investigation of ground

states without long-range order or well defined excitations. In

magnetic materials this includes spin-frozen states in classical

spin glasses and highly correlated spin states in geometrically

frustrated systems (Musgraves et al., 2019). For instance, such

high-resolution spectroscopy over a large dynamic range

promises unambiguous identification of quantum-spin liquids

(Paddison et al., 2017; Shen et al., 2016), where knowledge of

spectral details such as the existence of tiny gaps and the

structure of the low-lying modes is key. Another major field of

research where such instrumentation is required concerns

hydrogen- or lithium-based functionalities in solids. Since

many batteries rely on ion exchange and/or the ionic

conductivity of lithium and hydrogen, determination of

diffusion mechanisms in these materials is essential in under-

standing and improving this performance (Hester et al., 2016;

Kuznetsov et al., 2021; Li et al., 2021; Klein et al., 2021; Okuchi

et al., 2018). Similarly, the diffusion in ionic liquids and

solvent-based electrolytes has been attracting great interest
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(Lundin et al., 2021; Burankova et al., 2018; Adya et al., 2007;

Osti et al., 2019).

The importance of these questions has been addressed in

terms of the development of multi-analyzer spectrometers at

various beamlines worldwide. For instance, CAMEA, a

modern spectrometer of this type, has recently started

operation at the Paul Scherrer Institute (Groitl et al., 2016;

Janas et al., 2021; Allenspach et al., 2021). In comparison with

conventional inelastic neutron scattering (INS) techniques

such as time-of-flight or triple-axis spectroscopy (TAS),

neutron spin-echo (NSE) spectroscopy offers several key

advantages.

First, in classical INS the energy resolution is strongly

coupled to the incoming neutron energy and the width of the

wavelength band ��/�. Increasing the resolution can be

achieved by decreasing the incoming neutron energy and/or

��/�. This leads to a reduction of Q-space coverage and

neutron flux. In NSE, the resolution is not coupled to ��/�
since the energy information is encoded in the Larmor

precession of the neutron spin (Mezei, 1972). However, the

energy resolution of NSE does depend on the wavelength

used for the measurement [see equation (1)]. So, although

increasing the incoming neutron energy reduces the energy

resolution, thermal NSE would still offer an energy resolution

in the microelectronvolt range for large energy and

momentum transfers. Second, in NSE it is easier to separate

diffuse inelastic signal contributions in disordered states from

elastic signal contamination by nuclear Bragg scattering.

Third, the direct measurement of the intermediate scattering

function I(Q, �) compared with the scattering function S(Q, !)

recorded with conventional techniques permits us to disen-

tangle the simultaneous presence of processes over a wide

dynamic range, and provides information on dynamics on the

atomic and molecular scales directly amenable to theoretical

or numerical modeling, such as molecular dynamics simula-

tions. Fourth, in spin-echo methods, the resolution function

enters as a product rather than a convolution, thus facilitating

resolution correction of data by simply normalizing the raw

data with the resolution function. In general, spin-echo spec-

troscopy is performed within, but not limited to, the spin-echo

approximation, which assumes that the energy transfers under

investigation are much smaller than the energy of the

incoming neutron (roughly �E � 0.1Ein) (Franz et al., 2019d).

In this conventional case the spin-echo phase is proportional

to the energy transfer. The thermal MIEZE option for greater

ranges (TIGER) spectrometer will be operated, in contrast to

neutron spin-echo triple-axis spectrometers, without crystal

analyzers. This will allow for a large spread of energy transfer,

where the simple, linear relation between energy transfer and

spin-echo phase is no longer valid. In addition, large energy

transfers lead to a large difference between the wavelengths of

the incident and scattered neutrons, so that for a fixed scat-

tering angle the momentum transfer is not uniquely defined

but varies with the energy transfer. In this case the scattering

can be analyzed with the help of numerical simulation of the

spectrometer, as described by Haslbeck et al. (2019) and Tseng

et al. (2016).

An inherent disadvantage of conventional neutron spin-

echo spectroscopy arises from its sensitivity to depolarizing

effects of the neutron beam. However, placing all spin

manipulation upstream of the sample position in the modu-

lation of intensity with zero effort (MIEZE) implementation

of neutron spin-echo spectroscopy allows these problems to be

avoided. The insensitivity to spin flips facilitates the study

of samples containing hydrogen, which show strong spin-

incoherent scattering. The study of spin excitations is a

successful domain of NSE-TAS (Keller et al., 2022). Though

the study of ferromagnets is, in principle, possible with Mezei’s

‘ferromagnetic NSE configuration’, it requires additional

polarizers upstream and downstream of the sample, leading to

a strong loss of the signal intensity. Especially for ferro-

magnets, MIEZE has proven to be a powerful alternative

(Haslbeck et al., 2019; Janoschek et al., 2013). However,

present-day MIEZE implementations are limited to

comparatively small energy and momentum transfers in the

range 0.0005–1.8 Å�1.

The potential of MIEZE was demonstrated in recent years

in several studies. In the canonical spin ice system Ho2Ti2O7

we observed excitations that are dominated by a transition

within the ground-state doublet that is well described within

an Orbach model below 50 K (Ruminy et al., 2017; Wendl,

2018) and inelastic transitions between excited crystal field

levels above 50 K (Franz et al., 2019a; Ehlers et al., 2004). The

dynamical properties in the re-entrant spin-glass system

FexCr1�x could be tracked across the quantum phase transi-

tion between itinerant electron ferromagnetism and anti-

ferromagnetism (Benka et al., 2022; Säubert et al., 2022). The

spin dynamics of Fe and Ni were studied above and below

their Curie temperature, where spin waves were resolved

below Tc. In comparison, above Tc critical slowing down of

ferromagnetic fluctuations was observed (Kindervater et al.,

2015; Säubert et al., 2019). In the superconducting ferro-

magnet UGe2, a cross-over between dynamical properties

characteristic of local-moment and itinerant electron

magnetism could be identified (Haslbeck et al., 2019). The

RESEDA beamline at the Research Neutron Source Heinz

Maier-Leibnitz (FRM II) in Garching was further used in a

study of the fluctuation-induced phase transitions in cubic

chiral magnets, highlighting the complexities of the phase

diagrams of these compounds, such as the weak crystallization

of skyrmion textures (Kindervater et al., 2019, 2020; Martin et

al., 2019; Weber et al., 2022; Franz et al., 2019a). A recent

highlight involved the study of emergent Landau levels in

MnSi: the motion of a spin excitation across topologically non-

trivial magnetic order leads to the emergence of Landau levels

in the excitation spectrum for magnons in such systems. To

demonstrate the existence of these energy levels in MnSi,

unpolarized neutron time-of-flight spectroscopy was used to

get an overview of the spectra while polarized three-axis

spectroscopy probed the distribution of excitation energies

and scattering intensities across a large number of positions in

parameter space. MIEZE was then used to resolve and

confirm the existence of individual Landau levels, including

those at the lowest energies (Weber et al., 2022).
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Motivated by the wide range of scientific cases requiring

high-resolution data in the regime of large energy and

momentum transfers, we propose the extension of the MIEZE

technique towards neutron wavelengths as low as 2 Å, thus

increasing the accessible parameter space substantially. We

propose that TIGER will boost the accessible Q range as well

as the energy range of neutron resonance spin-echo spectro-

scopy. Originally conceived some 30 years ago by Golub,

Gähler and Keller (Golub & Gähler, 1987; Keller et al., 1990;

Gähler et al., 1992), major progress has been achieved at

RESEDA in recent years. In turn, we present the specific

requirements to implement TIGER as an upgrade of

RESEDA (Franz et al., 2019b; Franz & Schröder, 2015;

Häussler et al., 2007).

In Section 2 the state-of-the-art MIEZE technique and its

implementations at various neutron sources worldwide are

summarized. The technical requirements of thermal MIEZE

are presented in Section 3, including a critical assessment of

the implications an operation with thermal neutrons will

have on the different instrument components (e.g. polarizer,

analyzer, velocity selector, rf-circuits, detector). We then

explore RESEDA as a possible candidate for the implemen-

tation of TIGER. Our findings are summarized in Section 4.

2. State of the art

The MIEZE technique was developed as a spin-echo variant

insensitive to depolarizing conditions at the sample position.

The first implementations of MIEZE followed the design of

the (transverse) neutron resonant spin-echo (NRSE) setups

where the large solenoids used in classical NSE are replaced

by a pair of radio frequency (RF) flippers [see Figs. 1(a) and

1(b)]. In general, a MIEZE setup consists of a wavelength

selector (not shown), a polarizer (P) and the spin precession

zone, which comprises two resonant spin flippers (RSF1,

RSF2), followed by the analyzer (A), sample (S) and detector.

In the transverse geometry the fields in the RF flippers are

arranged such that both the static and the oscillating fields are

perpendicular to the neutron beam. This has the disadvantage

that the neutron beam needs to pass through several milli-

metres of aluminium to traverse the static field coils. Addi-

tionally, the RF flipper is enclosed by the static field coil, which

leads to a dampening of the resonant circuit for large

(�1 MHz) frequencies (Cook, 2014; Jochum et al., 2021). To

avoid neutron beam depolarization in this geometry, it is

necessary to shield the precession zones with mu-metal

(Martin et al., 2014). While in classical NSE the resolution

limit originates in the difficulty of achieving highest field

homogeniety with increasing field integral, the resolution of

transverse NRSE is limited by path length differences of

neutrons traversing the RF flippers on trajectories that are not

parallel to its symmetry axis (Martin, 2018). These challenges

were met by Häussler and coworkers (Häussler & Schmidt,

2005; Häussler et al., 2003) who proposed a longitudinal

geometry for NRSE and MIEZE, combining the advantages

of classical NSE with NRSE [see Figs. 1(c) and 1(d)]. In this

geometry the static field is produced by compact solenoids

that do not hinder the neutron beam propagation and point

along the neutron beam trajectory, similarly to classical NSE.

This offers the additional advantage that the polarization may

be maintained by small longitudinal guide fields, and the mu-

metal shielding can be omitted. The RF field coils are the same

as in the transverse setup (Cook, 2014; Jochum et al., 2021).

The field points perpendicular to the beam, such that the

neutron beam passes through the winding of the coil, which

consists of aluminium flat wire less than 1 mm thick. The

longitudinal resonant spin flipper has the advantage that field

inhomogenieties at the field boundaries are symmetric with

respect to the RF flipper and therefore cancel out instead of

contributing to the accumulated neutron phase (Krautloher et

al., 2016). To avoid stray fields from the static fields, the

longitudinal geometry offers the option to install a pair of cut-

off coils with field direction opposite to the main DC coils in a

Helmholtz configuration around the resonant flipper.

The first transverse NRSE setups for user operation were

the MUSES instrument at the Orphée reactor in Saclay and

the NRSE option for the TAS FLEXX at Helmholtz-Zentrum
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Figure 1
Overview of the different neutron spin-echo techniques. P, S and A
correspond to the polarizer, sample and analyzer respectively. (a)
Classical neutron spin echo: the spin precession occurs in large solenoids
(NSE - coil); the magnetic fields point along the y direction (Mezei, 1972).
(b) Transverse neutron resonant spin echo: the solenoids are replaced by
pairs of RSFs; here the static field (red) points in the x direction whereas
the oscillating field points along z; the precession zone is contained in a
mu-metal shielding (red dashed line) to avoid depolarization (Golub &
Gähler, 1987). (c) Longitudinal neutron resonant spin echo: akin to
classical NSE, the static fields of the RSF points along y, while the
oscillating field points along z; no mu-metal shielding is needed; a smaller
solenoid (NSE - coil) is inserted between the RSF operating as a field
subtraction coil (Häussler et al., 2011). (d) Longitudinal MIEZE: the
setup is analogous to the primary spectrometer arm of the longitudinal
NRSE where the analyzer is moved upstream of the sample; no more spin
manipulation occurs after the sample (Franz & Schröder, 2015).



Berlin. Until the reactor was shut down in 2019, the instru-

ment MUSES offered both an NSE and a transverse NRSE

option (Longeville, 2000; Köppe et al., 1996). The first MIEZE

experiments were also performed at MUSES (Köppe et al.,

1996). The MIEZE option, however, never went into user

operation. The spectrometer RESEDA at the FRM II was

initially constructed as a transverse NRSE setup with a multi-

detector option (Häussler et al., 2007) and was later recon-

structed to offer the transverse NRSE option. RESEDA was

rebuilt in its longitudinal configuration at the end of 2014.

Three groups worldwide work on the development of

transverse MIEZE spectrometers at pulsed neutron sources.

The MIEZE setup at BL06 VIN ROSE at J-Parc is in full user

operation. It offers measurements in a Fourier time range

from 1 to 500 ps (Hino et al., 2013; Funama et al., 2021;

Nakajima et al., 2020; Oda et al., 2020, 2021). A MIEZE setup

has been developed for the Larmor spectrometer at the ISIS

neutron source. Benchmarking and first experiments on the

dynamics of water have been performed (Kuhn et al., 2021a;

Geerits et al., 2019). A MIEZE setup at ORNL

was recently commissioned. Seminal work on

entangled neutron beams has been carried out

with this setup (Shen et al., 2020; Kuhn et al.,

2021b); however this setup does not have a dedi-

cated beamline (Kuhn et al., 2021b; Lu et al., 2020;

Shen et al., 2020; Zhao et al., 2015; Dadisman et al.,

2020).

RESEDA is the only longitudinal neutron

resonance spin-echo spectrometer currently in

user operation. It is situated at the cold neutron

guide NL5-S in the Neutron Guide Hall West at

the Forschungs-Neutronenquelle Heinz Maier-

Leibnitz. In its present configuration, the instru-

ment provides access to a range of Fourier times

from 0.07 ps (for � = 4.5 Å) to 11.5 ns (for � =

10 Å) (Franz et al., 2019b,c) and a range of scat-

tering vectors from 0.0005 (for � = 6 Å) to 1.4 Å�1

(for � = 4.5 Å at a maximum scattering angle of 2� = 60�). The

relationship between Fourier time, wavelength and energy

resolution are as follows,

� ¼
2m2

h2
LSD�f�3; ð1Þ

where m is the neutron mass, h is Planck’s constant, LSD is the

sample-to-detector distance, �f is the frequency difference of

the two flippers and � is the neutron wavelength. As part of

the reconstruction of RESEDA the radio-frequency circuits

were redesigned (Jochum et al., 2021), and a field subtraction

coil (Häussler et al., 2003; Jochum et al., 2019) was imple-

mented, extending the dynamic range towards shorter Fourier

times. These developments have unlocked the parameter

space shaded in blue in Fig. 2, which can be set into the context

of operational spin-echo instruments, a selection of which are

summarized in Table 1.

Currently, three longitudinal MIEZE spectrometers are

under development at reactor sources: (1) a longitudinal

neutron resonance spin-echo spectrometer combined with a

MIEZE configuration is planned at the C33 beam port at

China Mianyang Research Reactor (Liu et al., 2020); (2) the

SEM spectrometer at the PIK reactor complex is planned as a

longitudinal neutron resonant spin-echo spectrometer with a

MIEZE option (Kovalchuk et al., 2021); (3) furthermore, a

small-angle neutron scattering (SANS) setup with a MIEZE

option is being installed at the Institut Laue–Langevin (ILL)

(Martin, 2019).

3. Thermal MIEZE for greater ranges

The following requirements need to be met for the imple-

mentation of TIGER: (i) The availability of a high neutron

flux down to � = 2 Å is required; this includes a source offering

the desired wavelength spectrum and a velocity selector that

can reach wavelengths down to 2 Å while maintaining a ��/�
of 0.1–0.2. Though a broader wavelength band would mean a

higher neutron flux, the width of the MIEZE group which

corresponds to the Fourier transform of the wavelength band

research papers

4 of 8 Johanna K. Jochum et al. � Extending MIEZE spectroscopy towards thermal wavelengths J. Appl. Cryst. (2022). 55

Figure 2
Accessible parameter range as a function of �, Qmax and �. The blue-
shaded area marks the parameter space currently available at RESEDA,
and the red-shaded area shows the additional parameter space that would
become available with the TIGER upgrade.

Table 1
Present key parameters of RESEDA (Franz et al., 2019b) and other MIEZE and
spin-echo setups worldwide: J-NSE (Holderer & Ivanova, 2015), IN15 (ILL,
https://www.ill.eu/users/instruments/instruments-list/in15/characteristics), SNS-Spin-Echo
(Stingaciu & Zolnierczuk, 2022), CHRNS NSE (NIST, https://www.nist.gov/ncnr/chrns-
nse-neutron-spin-echo-spectrometer) and BL06 Vin Rose (Endo et al., 2017).

The � range describes the full dynamic range, taking all available wavelengths into account.
The flux is listed for a representative wavelength.

Instrument parameters

Instrument
� range
(Å)

� range
(ns)

Q range
(Å�1)

Detector
size (cm2)

Pixel size
(cm2)

Flux
(106 n cm�1s�1)

RESEDA 3.5–15 0.0001–45 0.0005–1.8 20 � 20 0.156 � 0.156 20 at 6 Å
TIGER 2–15 0.00003–45 0.0005–3.0 20 � 20 0.156 � 0.156 20 at 6 Å
JNSE 4.5–16 0.002–500 0.02–1.8 32 � 32 1 � 1 10 at 7.0 Å
IN15 6–25 0.004–952 0.02–1.21 32 � 32 1 � 1 20 at 7 Å
SNS-Spin-Echo 2–14 0.08–280 0.03–3.1 30 � 30 1 � 1 1 at 7.0 Å
CHRNS NSE 4.5–15 0.003–200 0.02–1.8 32 � 32 1 � 1 31 at 5.0 Å
BL06 Vin Rose 3–13 0.001–0.5 0.2–1.0 32 � 32 0.1 � 0.1 31 at 5.0 Å



would decrease for a larger wavelength band (Jochum et al.,

2019). This becomes relevant for long Fourier times (high

energy resolution), where the width of the MIEZE group

shrinks to below 1 cm, which leads to an inefficient operation

of the presently used CASCADE detector (Jochum et al.,

2019). (ii) The neutron optics elements, such as the neutron

guide system, polarizer and analyzer, need to work efficiently

at wavelengths �2 Å. (iii) Since the current required to

perform a � flip is indirectly proportional to the neutron

wavelength, the RF flippers will need to support higher

currents (Cook, 2014; Jochum et al., 2021). This is especially

important for frequencies above 1 MHz where an increase in

Ohmic resistance due to the skin effect makes it increasingly

difficult to feed power into the RF flipper. (iv) It is necessary

that the neutron detector still offers sufficient sensitivity to

neutrons with shorter wavelengths.

While RESEDA has so far been optimized for operation

with cold neutrons, which facilitate measurements with higher

energy resolution and small Q, the spectrum available at NL5-

S offers neutrons with wavelengths down to 1.5 Å, making

operations down to 2 Å feasible (Fig. 3). Compared with a

wavelength of 6 Å, a standard wavelength used at RESEDA

offering a good compromise between resolution and flux, the

flux at 2 Å is 15% higher (see Fig. 3).

The implementation of TIGER at RESEDA will require the

installation of an additional polarizer, analyzer and velocity

selector as well as translation systems for automated switching

between the velocity selectors and polarizers for thermal and

cold neutrons to guarantee the availability of both options for

the user community. The Q–� range that would be added to

the current dynamic range of RESEDA is shaded in red in

Fig. 2. Fig. 4 shows a schematic of RESEDA, where the

elements that will require modification for the proposed

upgrade are shaded in red.

A thermal velocity selector will ensure operation of

RESEDA down to � = 2 Å. It is possible to construct a

wavelength selector with the desired � and ��/� at a slightly

reduced transmission (91% compared with 98% for the

current velocity selector). The specifications of this selector

include a screw angle � = 15.5�, a blade height of 60 mm, 144

blades and a maximum rotation speed of 21 000 rev min�1.

Shown in Fig. 5(a) is a comparison between the existing

wavelength selector and the additional selector that would be

required for TIGER. The central lines denote the central

wavelength, whereas the shaded areas depict the spread of the

wavelength band. The figure further shows the wavelength

range and ��/� for different tilt angles of the selector. Both

strongly depend on the tilt angle which allows for a greater

versatility of a single selector.

Similarly to the current polarizer at RESEDA, a polarizing

cavity consisting of two parallel channels, each with two

V cavities in series and a total length of 2040 mm (Swiss-

Neutronics, https://www.swissneutronics.ch/index.php?id=24)

would be a suitable polarizing device. The polarizer would

work efficiently in the wavelength range from 1.8 to 7.9 Å

(Schanzer et al., 2016). The channels comprise 0.3 mm Si

substrates with an m = 5 Fe/Si coating. The outer dimensions
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Figure 3
Neutron flux at the neutron guide NL5-S, at the position of RESEDA
prior to the velocity selector.

Figure 4
Schematic of the proposed setup for thermal neutrons (TIGER) at the beamline RESEDA. Components of RESEDA to be upgraded in TIGER are
highlighted in light red.



of the cavity and the magnetic field strength (45–50 mT) would

be the same as for the one currently installed at RESEDA

(Franz et al., 2019b), facilitating the switching between the two

cavities.

As a neutron polarization analyzer device, a transmission

bender with integrated 800 collimator would be best suited

(Jochum et al., 2022a). Using Fe/Si m = 5 supermirrors reduces

the length of the bender to 68 mm, twice the size of the current

device used for cold neutrons. The lammelar collimator that

follows the analyzer to absorb the reflected beam would be

12.9 mm long and consist of Si wafers with a Gd coating. Since

the bender is mounted such that it can be exchanged manually

at any time, this increase in size does not cause any incon-

venience.

A major advantage of the longitudinal NRSE and MIEZE

setup concerns the self-correction of path length differences of

parallel neutron trajectories, and a strongly reduced sensitivity

to differences of divergent beam trajectories (Krautloher et

al., 2016). The signal reduction depends mostly on the

geometry of the sample under investigation. RESEDA offers

an online reduction factor calculator (Spitz & Franz, 2022) so

users can find the optimal sample shape. Shown in Fig. 6(b) is

the calculated signal reduction as a function of wavelength for

path length differences for a typical sample (single-crystal

cylinder with a radius of 3 mm), up to the maximum scattering

angle 2� of 60�. In the yellow-shaded area the signal contrast is

not affected by the sample size. In the blue-shaded areas the

MIEZE contrast is reduced due to path length differences of

the neutrons. For this sample and a wavelength of 6 Å, at a

maximum Q of 1 Å�1 a Fourier time of 1 ns can be reached,

which corresponds to an energy resolution of 0.66 meV. In

contrast, for the same sample, a wavelength of 2 Å, a

maximum Q of 3 Å�1 and a Fourier time of 0.1 ns can be

reached, which correspond to an energy resolution of

6.58 meV. The figure further shows that the resolution is higher
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Figure 5
Parameter range of the velocity selector of TIGER compared with the existing selector. (a) Newly accessible wavelength range as a function of selector
speed in rotations per minute for different tilt angles of the selector. (b) Newly accessible Q range as a function of wavelength.

Figure 6
Reduction factor for a cylindrical sample for RESEDA and TIGER. The yellow-shaded areas denote perfect signals. In the blue-shaded areas the
MIEZE signal is lost due to path length differences of the neutrons.



in the small-angle regime, where the full dynamic range of

RESEDA can be accessed with almost any sample shape.

Although the additional polarizer, analyzer and selector are

the key components for this instrument upgrade, we would

like to discuss the performance of the current detector and

resonating circuits at wavelengths down to 2 Å. RESEDA

currently uses a CASCADE detector (Köhli et al., 2016) with

610 B detection foils. The detection efficiency for neutrons with

a wavelength of 6 Å is 63%. For � = 2 Å neutrons this will be

reduced to 34%. The introduction of the new superconducting

static field coils requires a better detector than the CASCADE

type currently used at RESEDA (Köhli et al., 2016; Jochum et

al., 2021, 2022b). Therefore, we have started exploring

different detector technologies for the application in MIEZE.

One possible candidate would be a scintillation detector based

on the Timepix chip, which is currently being tested for

neutrons by Losko et al. (2021).

The RF coils used at RESEDA have been optimized for

cold neutrons and high energy resolution. Once the super-

conducting DC coils have been commissioned with neutrons,

the highest available Fourier time at 6 Å will be 23.1 ns (107 ns

at 10 Å). To achieve a resonant spin flip at shorter wavelengths

than currently in use at RESEDA, it is necessary to operate

the RF flippers at higher currents. The current flipper design

will need to be revised to perform spin flips of � = 2 Å

neutrons at the highest available flipper frequencies. Reducing

the area and increasing the thickness of the RF flipper will

reduce the current needed for the spin flips and should make it

possible to achieve an energy resolution of 7 meV for � = 2 Å

neutrons (Cook, 2014).

As RESEDA offers several modes of operation (NRSE,

MIEZE, MIEZE-SANS), the integration of TIGER should be

such that an easy change between the different instrumental

configurations is guaranteed, including a system that permits

switching automatically between the different selectors and

different polarizing cavities.

4. Conclusions

We propose the implementation of a thermal MIEZE setup

for high-resolution spectroscopy at high energy and

momentum transfers, at the neutron resonant spin-echo

spectrometer RESEDA at the Heinz Maier-Leibnitz Center in

Garching, Germany. The proposed developments are driven

by the need of the scientific community for high-resolution

measurements over a wide Q range, which is required for the

investigation of new unusual ground states without long-range

order. The implementation will allow for an energy resolution

of 6.58 meV at Q values of 3 Å�1 and energy transfers up to

20.5 meV.
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Häussler, W., Gohla-Neudecker, B., Schwikowski, R., Streibl, D. &
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Säubert, S., Franz, C., Jochum, J. K., Benka, G., Bauer, A., Shapiro, S.,
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