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MIRA

MIRA 1
Multilayer Monochromator

6 A < l < 20 A 

MIRA 2
PG Monochromator

3 A < l < 5 A 



MIEZE - Basics
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MIEZE (Modulation of IntEnsity with Zero Effort) uses the Neutron Resonance 
Spin Echo techniques, but  the second NRSE arm is missing and the coils are 
operated at different frequencies.
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A

B§ MIEZE contrast C = A / B  

is equivalent to polarization in spin-echo measurement

§ MIEZE time                          is equivalent to τNSE in spin-echo

§ To eliminate instrument resolution, C must be normalized to a 
purely elastic signal; e.g. graphite or scattering at very low q

§ Then Cnorm is proportional to S(q, τM)
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MIEZE measurement

τM = 2h·Ls·Δω
m·v3
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CASCADE Detetcor

• Boron as solid neutron converter
• Symmetrical set-up
• 6 layers ≈1 μm
• Gas: 85/15% Argon/CO2 normal 

pressure
• Internal readout-structure
• Voltage 2000-3000 V
• 200x200nm
• 128x128 pixel (2D)
• MIEZE possible

à Combines principle of solid neutron converter with multi-wire-chamber



Software for analysis

Weber et al., Journal of Physics: Conference Series 528 (2014) 012034 
Figure 3. Screenshot of the graphical user interface showing a typical session. Shown in (a) is
an example TOF dataset measured at the instrument MIRA, the corresponding phase (c) and
contrast (d) images and a total TOF signal inside a selected region of interest (ROI) (b). The
software supports loading and analysing of various detector and simulation data formats.

foils can either be determined by an elastic reference measurement or – if statistics are su�cient
– by a preliminary fitting step for each foil.

Fig. 4 shows the individual steps of reconstructing the total MIEZE signal, here for an
example signal of ⌧M = 127 ps (!M = 200 · 2⇡ kHz) recorded at MIRA. The left panel shows
the raw data for each foil and the corresponding phase distribution on the PSD area. The right
panel depicts the area-corrected signal which shows a significantly higher contrast due to the
phase-corrected addition of the sinusoidal intensity signals at each pixel of the detector. The
total signal using the data of all foils in shown in fig. 5. The higher total counts in each bin of
the reconstructed total signal lead to better statistics in the final step of fitting the sinusoidal
MIEZE signal.

3. Conclusion

We presented a software system which aids the user in the analysis and correction of measured
data in MIEZE experiments. The software is already in use at the MIRA instrument at the FRM
II. Measurements show that the implemented contrast correction methods lead to statistically
stable results. The advantage of the correction algorithms is their independence of the internal
layout of the detector (e.g. the distance of the foils in case of the Cascade detector). Another
more elaborate detector-dependent contrast correction technique [19] is currently being adapted
and implemented as complement to our general method.
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Different NSE variants

Krautloher, Keller et al., Rev. Sci. Instrum. 87, 125110 (2016) 

125110-2 Krautloher et al. Rev. Sci. Instrum. 87, 125110 (2016)

FIG. 1. Neutron spin echo spectrometer designs. (a) Generic IN11 type spin echo spectrometer (NSE). Long solenoids with DC fields B0 act as precession
devices (PDs). The precession is started and stopped by ⇡/2 flippers. The ⇡ flipper close to the sample inverts the e↵ective polarity of B0 of the first PD.
Correction elements (Fresnel or Pythagoras coils) are not shown. (b) Resonance spin echo with B0 transverse to the beam direction (TNRSE) and RF field B1
transverse to B0. A pair of RF spin flippers acts as PD. Guide fields parallel to B0 can be applied, but are not necessary. (c) Resonance spin echo with B0 parallel
(longitudinal) to the beam direction (longitudinal NRSE (LNRSE)), B1 is transverse to B0. A small longitudinal guide field is applied along the beam path. (d)
LNRSE in MIEZE configuration: The first two RF flippers are operated at di↵erent frequencies leading to a sinusoidal time modulation of the detector signal.
The polarization analyzer is placed upstream the sample. Spin depolarizing samples or high magnetic fields in the sample region do not a↵ect the modulated
signal. The spin is polarized/analyzed parallel to the beam direction in the polarizer/analyzer. The blue and red vectors show the direction of the DC and RF
fields, respectively.

than the design target value, even for an optimized solenoid
design,6,7 and can only be reduced by additional correction
elements subtracting an r2 term from J0, either by generating
a rotation symmetric r2 current density (Fresnel coils1) or
by two orthogonal coils, each generating a linear quadratic
term, adding up to an r2 term (Pythagoras coils11). With
three correction elements inserted into the solenoid, also
the variation �J arising from finite beam divergence can be
corrected. An optimized solenoid design combined with state-
of-the-art correction elements will allow for �J/J0 ⇠ 10�6.
Further improvement of the energy resolution of instruments
based on the generic IN11 design is impeded by the quality
of the correction elements, which are limited by machining
tolerances in the µm range, and by the resistive heating arising
from high current densities.

NRSE spectrometers based on the design introduced by
Gähler and Golub never reached the good energy resolution
of the IN11 type NSE spectrometers, especially for small
momentum transfers Q.4,5 These instruments are based on
RF flippers where both the DC and RF fields are aligned
transverse to the neutron beam, such that neutrons traverse the
windings of both the DC and RF coils (Fig. 1(b)). Transmission
losses limit the maximum winding cross section of the DC
coils, and thus the maximum field B0 and energy resolution.
Although hitherto NRSE is limited in resolution, it has several
advantages compared to NSE. (i) The flat and well-defined
boundaries of the DC fields are necessary conditions for spin
echo phonon focusing and Larmor di↵raction.17,18 (ii) Very
good stability of the Larmor phase is given by the stability
of the RF generators and is not a↵ected by fluctuations of
the DC power supplies. (iii) The Larmor phase has no r2

term, thus less corrections are needed and it is easier to
install neutron focusing elements between the coils. Neutron
trajectories of a divergent beam with varying path lengths,
however, accumulate varying Larmor phase, thus correction
elements are needed to reach high resolution. This problem

can be avoided by using elliptical focusing elements between
the coils.19 (iv) The volume of the DC coils is much smaller
than the NSE solenoids, thus reducing power consumption
and stray fields.

Häußler et al.20,21 proposed an alternative NRSE design,
the Longitudinal Neutron Resonance Spin Echo technique
(LNRSE), combining the benefits of both NRSE and NSE
with the potential to significantly improve the resolution of
quasi-elastic spin echo. The NSE solenoids are replaced by
pairs of RF spin flippers, but in contrast to conventional NRSE
and similar to NSE with a DC field B0 parallel to the beam
axis and a RF field B1 perpendicular to B0 (Fig. 1(c)). In
this design the longitudinal DC coils also generate an r2

aberration in �J/J0, resulting from the non-uniform fields
at the boundaries of the LNRSE coils. However, this e↵ect
vanishes for trajectories parallel to the beam axis, as the RF
spin flip in the center of the symmetric DC coil entails a sign
change of the Larmor phase, such that the e↵ects of symmetric
inhomogeneities at the boundaries of the coils are canceled.
The variation of the field integral �J/J0 ⇠ 3 ⇥ 10�4 in LNRSE
is at least a factor of three smaller than for the solenoids of
NSE, so that with the present correction elements the field
integral J0 and the resolution can be increased by the same
factor 3 compared to the currently best NSE instruments.
As an additional advantage, LNRSE can be operated in the
so- called MIEZE mode (Fig. 1(d)), which allows for spin
depolarizing samples and samples in high magnetic fields.22,23

Recently, a LNRSE instrument based on the findings from
the prototype discussed in this article was proposed for the
European Spallation Source (ESS).24

In this work, we present design parameters and first data
for a prototype LNRSE instrument constructed at the RESEDA
beamline at the MLZ.25 We give a brief summary of the basic
principles of the RF flippers with longitudinal field geometry,
discuss design parameters, and present first data showing the
performance of the new LNRSE setup.

Georgii et al., NIM A 837, 123 - 135 (2016) 
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TMIEZE BOX on MIRA



Mu-metal cover

B0 coil

Cooling
Large area 

neutron window

HF coil
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Spin-Echo coils for long wavelength and large tilting 
angle



p Spin flip at a  HF 109 kHz
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TMIEZE in MnSi
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direct beam



Results
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LMIEZE on RESEDA125110-5 Krautloher et al. Rev. Sci. Instrum. 87, 125110 (2016)

bore for the cooling water. The gap between main solenoid
and cuto↵ coil is 7 mm. In Fig. 2(a) the y-component of B0 is
plotted for the maximum current of 100 A generating a field of
135 mT in the center. B0 results from the superposition of the
magnetic field generated by the main coils Bmain and the cuto↵
coils Bcut. The magnitude of B0 along the symmetry axis and
the contributions of main and cuto↵ coils are plotted in panel
(b). Bcut is peaked in the center of these coils at y = ±120 mm,
and B0 drops to 1% of the peak value at |y | � 272 mm. Thus
the ⇡/2 and ⇡ flippers can be placed close to the LNRSE spin
flipper. Without cuto↵ coils, this guide field level is reached at
|y | > 450 mm. The cuto↵ coils reduce B0 in the center at y = 0
by only 12.5% or 17 mT at the maximum field of 135 mT,
but otherwise do not deteriorate the homogeneity in the central
region. Fig. 2(c) shows the variation �J/J0 for trajectories k y
within the beam cross section of 30 ⇥ 30 mm2 as function of
the gap �d, where J was integrated over |y | < 272 mm. Our
simulations show a minimum of the field inhomogeneities
for a gap of 19 mm. For our setup we are using preexisting
RF-coils requiring a minimum gap of 20 mm. The calculation
only takes the DC field into account, the self-correction by the
spin flips in the RF coils is discussed below. J(r) in panel (d)
follows an r2 function as expected for rotational symmetric
coil setups.

B. LNRSE setup

The resolution of spin echo spectrometers is limited by
the variations of the field integral J along di↵erent neutron
trajectories. In this section we show simulations of the field
integrals for a LNRSE PD, corresponding to one arm of
the spectrometer without ⇡/2 and ⇡ flippers. The �J/J0
= 2.5 ⇥ 10�4 calculated for the DC field of a single LNRSE
coil (Fig. 2(c)) would lead to a precession phase spread of
�� = 5 ⇥ 2⇡ across the beam at B0 = 135 mT and � = 7 Å,
which is a complete depolarization of the beam. In normal
operation mode with applied RF field, the resonant ⇡ flip of
the spin in the center of the coil leads to a sign inversion of the
precession phase. Thus symmetric contributions to the Larmor
phase accumulated before and after the ⇡ flip are canceled
(Eq. (9)). The ⇡ flip leads to a self-correction of symmetric
boundary e↵ects.

We now discuss the homogeneity �J/J0 of a LNRSE
PD. Fig. 3 shows a LNRSE PD (spectrometer arm) and
the calculated DC field with two LNRSE flipper coils at
y = ±100 cm and three thin circular guide field coils at
y = 0,±48 cm. The latter generate a rather uniform guide field
in the order of 1 mT. For trajectories k y , symmetric fields at
the boundaries of the LNRSE spin flip coils are self-corrected
by the ⇡ spin flips inside the coils. This property of LNRSE
is di↵erent to the generic IN11 type spin echo, where the
field integrals also for parallel trajectories vary as �J / r2.
A simple estimate gives �JIN11(r)/J0 = r2/(2DL), where D
and L are diameter and length of the solenoid.1 The estimate
implies that the IN11 type solenoids have to be long with large
diameter to reduce inhomogeneities �J/J0. Such a limitation
does not apply to LNRSE due to the self-correction e↵ect,
thus the LNRSE flippers can be designed to be compact with
a low power consumption.

FIG. 3. LNRSE spectrometer arm (PD). (a) Picture of the LNRSE PD with
two LNRSE spin flippers, three ring shaped guide field coils, and a solenoid
to apply moderate longitudinal fields for tuning to small ⌧ by e↵ective field
integral subtraction.30 (b) Calculated DC field in the xy-plane generated by
two LNRSE spin flippers at y =±100 cm, and three thin circular guide field
coils ?400 mm at y = 0,±48 cm. The coils are sketched as white boxes. (c)
Calculated DC fields for two trajectory parallel to the symmetry axis of the
PD. Data are shown for a trajectory on the symmetry axis r = 0 and r = 2 cm
The data for r = 2 cm have an o↵set of +5 mT for clarity.

A significant source for a �J, both for the IN11 type
NSE and LNRSE, is a path length variation of trajectories
due to beam divergence. To estimate this e↵ect for LNRSE,
we assume that the self-correction e↵ect also works for an
inclined trajectory, although in this case a small residual �J
remains. If there is no guide field in between the coils, as shown
in Fig. 4, then the e↵ective field corresponds to a uniform
field of length L.4 The di↵erence in path lengths and thus
field integrals between two paths, one inclined and one on the
symmetry axis, is to lowest order,

�J/J0 ⇠
�r2

2L2 . (10)

FIG. 4. Arbitrary neutron trajectory (blue) in a LNRSE spectrometer
arm within a beam of radius r = 2.2 cm with an inclination angle ↵
= tan�1(�r/L), where �r is the di↵erence in r between entry and exit. L
is the spacing between the coil centers.

Krautloher et al., Rev. Sci. Instrum. 87, 125110 (2016) 
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MIEZETOP
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• A total field integral of 1/10 of IN15, yielding spin echo times of 10 ns @ 10Å at 
MIRA.

• Flux gain due to focusing guides for small samples.
• Transportable and easy-to-use for measurements at the 26 T magnet in Berlin.
• Compact LNSE design, therefore insensitive to magnetic stray fields.

A longitudinal  Neutron Spin Echo (LNRSE) add-on with a total length 
of 1 m for measurements in magnetic fields  and ferromagnetic 

materials using MIEZE.



Current design
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2 m

Polariser

Analyser

B0 coils

HF coils



Scientific goals

Superconductors
l unconventional superconductivity in copper oxide-, rare earth- and iron-

based materials and its relationship to magnetism
l flux pinning and flux lattice melting

Magnetic Materials Research 
l second order phase transitions and critical phenomena on large length 

and time scales
l spin glass transitions
l Berry phase contributions in chiral spin glasses 

Heterostructures: 
l field driven magnetisation for studies of spin excitations of topological 

forms of magnetic order in bulk compounds
l multi-ferroic compounds as well as systems with coupled order 

parameters (say ferromagnetic and superconducting)
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Quantum Matter: 
l fluctuations are not only spectator, but are at the heart of fundamentally 

new forms of order and functionalities. 
l Geometrically frustrated materials such as spin ice with the  the 

emergence of magnetic monopoles
l spin liquid phases, i.e., properties in which quantum entanglement 

boosts the effects of quantum fluctuations to prevent conventional long-
range order. 

l zero temperature phase transition driven by quantum fluctuations (also 
referred to as quantum phase transitions), are characterised by 
excitation spectra with emergent quantum statistics and symmetries 

l the critical slowing-down in field driven magnetic Ising transition
l field driven Bose-Einstein condensation of magnons

High-resolution spectroscopic studies 
under high magnetic field

19
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TAS FLEXX upgrade, 2011

• cold triple axis spectrometer
• Larmor diffraction option (NRSE)
• high m=6 focusing optics before monochromator
• state of the art, 5y old

Skoulatos, Habicht, NIMA A 647, 100 (2011)
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FLEXX: A dedicated Larmor diffractometer

Location: old MIRA1 position (near current MIRA2) as shown in figure below

Primary spectrometer requirements:
• need to extend wavelength to less cold to make the new instrument a competitive option
• requirement to keep the flux of following instruments unaltered 
• Need to extend the “Tanzboden”

McStas simulations show 
intensity increase by x10
compared to MIRA1
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