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Abstract

POLANO is a new concept neutron spectrometer with polarization capability for inelastic scattering experiments. The POLANO designed as
middle energy and spatial resolution for the realization of material science. For the purpose of high-efficient polarization experiments in
inelastic scattering technique, the POLANO was optimized for high transfer energy (HTE) polarization analysis. In order to realize the HTE
polarization, we have made much efforts for developing new devices with new ideas and concepts. The HTE polarization can be realized by
combining with SEOP 3He gas spin filter and 5.5 Qc bending mirror analyzer, which is the most promising technique and highest Qc at the
time. However, even with this technique the utilized neutron energy is restricted up to around Ef = 45 meV for out-going analyzed neutron
energy (final neutron energy) by the reflecting capability of mirrors. But our final goal for HTE is 100 meV beyond the reactor-based neutron
polarization energy. This range of energy experiment can be realized with 3He spin filter analyzer covering very wide scattering angle.
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Dawn of the Polarized Neutron Technique
Application to material science in 1950s
Nathans and Paoletti First polarized beam :

measurements (of magnetic 
form factors of Ni, Fe and Co)

Advanced application to material science 
in 1960-70s

Moon and Blume

Neutron polarization at TOF method in 21st century

Stewart and others

6.3. Magnetic excitations in Tb2Sn2O7

The dynamical behaviour, in particular the slow spin
dynamics, of geometrically frustrated pyrochlores such as
Tb2Sn2O7 remains poorly understood. Theoretically, anti-
ferromagnetically coupled Heisenberg spins on a pyrochlore
lattice should remain dynamic down to the lowest tempera-
tures (Villain, 1979). However, weaker interactions such as
anisotropy, dipolar interactions or further near-neighbour
exchange can lead to novel long-range-ordered magnetic
ground states.

The pyrochlore antiferromagnet Tb2Sn2O7 has recently
attracted much attention owing to the fact that, despite the
appearance of antiferromagnetic Bragg peaks at low
temperatures in this material, !SR investigations of the spin-
dynamical properties seem to suggest that a dynamical ground
state is maintained down to low temperatures (Chapuis et al.,
2007). Furthermore, a static ground state is disputed by
Mirebeau et al. (2005, 2006) who claim, from the disparity
between the measured ordered magnetic moments from
specific heat and neutron diffraction data, that an ordered
state exists but with slow collective fluctuations.

D7 was able to shed further light on the dynamics of
Tb2Sn2O7. Fig. 15 shows the separated magnetic only powder
diffraction pattern of Tb2Sn2O7 measured on D7 at 60 mK,
with and without the Fermi chopper. The measurement
without the Fermi chopper shows a broad diffuse component
underneath the low-temperature magnetic Bragg peaks. With
the Fermi chopper in place, the elastic only (!0.15 <!E<
+0.15 meV) scattering is separated from inelastic components,
and the diffuse scattering disappears. Fig. 16 shows the spin-
flip (z component) neutron scattering from Tb2Sn2O7 at
60 mK and at 800 mK, measured in inelastic time-of-flight
mode on D7. The elastic energy resolution here was 150 meV.
Magnetic quasi-elastic scattering is observed at 800 mK
around the point at which the magnetic Bragg peaks appear at
low temperatures. At 60 mK, the quasi-elastic scattering has
been replaced by a low-lying dispersionless excitation at
0.35 meV. A softening antiferromagnetic excitation can be
seen at 1.2 meV at both temperatures.

These data indicate that at least 60% of the total possible
spin system is static and contributes to large magnetic Bragg
peaks. The other part of the spin system is dynamic, faster than
0.04 THz, and contributes to the liquid-like diffuse scattering
of the diffraction patterns (Rule et al., 2007).

6.4. Separation of coherent from incoherent scattering in
polymer blends

The creation of new materials with tailor-made properties
drives the studies of polymer blends. Neutron scattering
techniques have substantially improved the understanding of
the dynamic and static behaviour of such polymer blends. In
particular, it is important to determine the ratio between the
coherent and incoherent scattering cross section for correct
analysis of structural and dynamic characteristics. A recent
study on a polymer blend of 75 wt% polyethersulfone (PES)
with 25 wt% poly(ethylene oxide) (PEO) revealed that the
dynamics of the PEO transformed from a glass-forming liquid-
like behaviour at high temperatures to a system exhibiting
confined dynamics induced by the freezing of the segmental
motions of the slow PES (Genix et al., 2008).

Fig. 17(a) shows the temperature dependence of the ratio
between the coherent and incoherent cross sections measured
on D7 on the PEO/PES blend. This shows that the incoherent
signal is three times stronger than the coherent scattering
cross section.

The separation of the coherent from the spin-incoherent
cross section simplifies structural determination. In addition, if
the hydrogenation level of the polymer is well characterized,
then the spin-incoherent cross section may be used for
‘internal normalization’, i.e. the coherent S"Q# may be put on
an absolute scale, and instrumental efficiency corrections may
be carried out by dividing the coherent scattering by the
incoherent scattering. This procedure also corrects the
coherent S"Q# for the Debye–Waller factor, which is directly
measurable from the separated incoherent scattering.

The dramatic increase in the low-Q region is due to the
contrast between deuterated and protonated chains and
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Figure 15
Magnetic only diffraction pattern of Tb2Sn2O7 at a temperature of 60 mK
measured on D7 with and without elastic energy discrimination.

Figure 16
Polarized neutron scattering (spin-flip channel only) of Tb2Sn2O7. Left
panel: 60 mK spectrum revealing a low-lying excitation at 0.35 meV.
Right panel: 800 mK, just below the transition, with broad quasi-elastic
scattering. At both temperatures, a soft 1.2 meV mode can be seen at the
first antiferromagnetic correlation wavevector.
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Requirements (problems) for TOF Polarization Experiment
1) restricted space
2) in vacuum
3) wide scattering angle almost 150˚
4) non-magnetic design 

For effective use of higher energy neutron
5) high-energy neutron polarization

easy very toughmiddle enigmahard
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Neutron Inelastic Instruments Suite at MLF
Direct geometry

Inverted geometry

Spin echo

BL01 : 4SEASONS (JAEA-CROSS)

BL12 : HRC（KEK-Tokyo Univ.）

BL14 : AMATERAS（JAEA）

BL23 : POLANO (KEK-Tohoku Univ.)

BL02 : DNA（JAEA）

High-flux・Middle-energy band・Middle-energy resolution

BL06 : VIN ROSE（KEK-Kyoto Univ.）

Middle・Wide・High

High・Narrow・High

Middle・Middle・Middle
→polarized neutron dedicated
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A New Spectrometer in MLF, POLANO
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1) Chopper-type spectrometer with
higher flux and middle resolution

ècross correlation method

2) Dedicated spectrometer for 
polarization analysis

èseveral spectrometers for unpolarized experiments

3) Aiming at wide Q-w range
Ei = 100 meV,  Qmax = 12 Å-1

èobservation of multi-pole excitations

4) Compact design
èeasy to access to sample space

Polarization Neutron Spectrometer POLANO
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Polarization Strategy for sub-eV Polarimetry

Stage Polarizer & Analyzer Target E-range

1st Phase
2020 ~

SEOP polarizer
Fan-shape supermirror analyzer Ef<30 meV (42 meV)

2nd Phase
2024-20??

SEOP polarizer
Large solid angle  SEOP/MEOP Ei, Ef~100meV

3rd Phase
20??-

DNP
High Pn SEOP/MEOP Analyzer E>100meV: Pn~95%

Our goal...
1) 100 meV energy polarization experiment with wide momentum coverage
2) spherical polarimetry with large solid angle

=> wide band and wide angle
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Polarization Experiment with TOF Method

spin polarization = 0.5

Heater

3He cell
analyzer mirror = 0.6

SEOP spin polarizer = 0.3Pos. Sample
001 ID-No.: test-2
002 Substrate: Borkron
003 m  - design: 5.5
004 Deposition run: B716

Instrument
201 Name (laboratory): NARZISS (SINQ, PSI)
202 Wavelength [nm]: 0.50

Measurement
301 Type of measurement: Polarized neutron reflectivity
302 Data file: narziss2013n003956, narziss2013n003957
303 Date of measurement 2-Dec-13
304 Applied magnetic field [G] 500
305 Preparation field [G]

Analysis
401 m -value (McStas) 5.56 (refined)
402 Reflectivity (McStas) 0.67 (refined)
403 Reflectivity @ crit. Edge 0.64

404 Area of R -profile [nm-1] 1.044 (numerical integration)

Data plot - Polarized neutron reflectivity
501

23. Apr 14
Comp. name: -- Approved by: C. Schanzer

0

SNI00073
Neutron Test Protocol
Project title: WAPA prototype Document ID: NTP-test-2 (B716)
Customer: SNAG Prepared by: Christian Schanzer
Customer ref./PO: Date:
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Document:        NTP_test-2_Borkron_B716_m55_SNI00073.xlsm
Date of issue:    23.04.2014 1 (1)

transmission = 
0.5 x 0.3 x 0.6 = 0.09 

optimized for 100meV 
neutron energy

5.5Qc mirror for high-
energy spin polarization

gas (3He) spin filter

SEOP polarizer

bending analyzer mirror
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Spin & Lattice Dynamics Measured at POLANO (Unpolarized)
Exotic quantum excitation in 1D spin chains Nd2BaNiO5
Reference material in POLANO, Nd2BaNiO5 known as quantum 
spin chain system, that shows many exotic (unknown and 
complicated) spin dynamics due to quantum spin fluctuations in 
Haldane chains.

Haldane gap? -> triplet-mode

Also, interested in hole-doped 1D 
chain system. 
1D hole <-> 2D hole in the analogy 
with high-Tc superconductivity

Quantum Spin Chain
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Polarization Devices Installation
SEOP polarizer system

guide coil

laser and optics

low-noise amplifier
for NMR

4Qc guide tube

1st band 
chopper

Fermi
chopper

2nd band 
chopper

T0 
chopper

fast rotating disk chopper
(correlation chopper)

polarizer
(SEOP)

analyzer 
mirror

detectors

beam dump

L1=17.5m L2=2.0m

bio shield 
section

(guide tube)

shutter section
(guide tube)

magnetically-shielded
solenoid coils
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2) Helmholtz coil at sample position1) total magnetic guide fields system

fun-shaped magnet 
(permanent 30 G)

SEOP solenoid coils and 
guide fields

Helmholtz coil

supermirror analyzer
(400 G)

permanent magnet 
guide field (60 G) ①

②

③

④

⑧

⑦
⑥

⑤
①

②

③

④

⑨ ⑤

horizontal field
10 amps x 3 coils 
(magnetic field control 

and reducing dark angle)

cooling system

vertical field
a pair of coil (8 amps)

H1 H3H2

V

Polarization Devices Installation
Magnet system & Helmholtz coils
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Road to the Polarization Experiment at MLF
POLANO Scheme

POLANO

2019

J-PARC

2020 2021 2022 20232017 20182016 2024

radiological
assessment

first beam user program
(unpolarized)

phase I
SEOP-vender mirror

test exp.
finding
orbiton

user program
(polarized)

commissioning
(unpol)

high-Tc
superconductors

phase II
SEOP-SEOP

research

pol devices

construction

Tokyo Olympic

commissioning
(pol)


