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Calculations of intrinsic field integral 

inhomogeneity for a compact NSE spectrometer

l Why this particular problem?

l Methods and Results

l Conclusions - Recommendations

A. Kusmin and C. Pappas
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Why “compact” ?

A longer instrument has: 
l less intensity (less divergent incident and scattered beam)
l at a spallation source the length leads to a shorter 

wavelength band, thus also to less intensity

l More important gravity effects for longer wavelengths
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Why “compact” is bad for NSE ?
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The Fourier time is given by  the magnetic field integral :

For elastic scattering: φ1- φ2=0

And is limited by the magnetic field inhomogeneities

(J (trajectory) -J0) must be small  ==>  minimize   η=<ΔJ>/J0

⌧NSE = �3
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Mezei (D – coil diameter)

Zeyen optimal field solenoid 
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IN15 designs (after Bela Farago)

(old)

(new)
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Historically:

v NSE instruments use solenoids with intrinsic η ≈ 10-3-10-4

main coil length: 2 m (the smallest is 1.2 m at SNS)

Fresnel coils lead to η ≈10-6

BUT 

they are at the limit (high currents, positioning accuracy)

v OFS (Zeyen) leads to a reduced Intrinsic η

BUT is not often used
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OFS vs. solenoid

Like SNS-NSE, J-NSE

IN11

For OFS to be better than solenoids a coil must be longer than 2 m  
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For OFS to be better than solenoids a coil must be longer than 2 m  

OFS vs. solenoid

Like SNS-NSE, J-NSE

IN11

188 T. Takeda et al. / Nucl. Instr. and Meth. in Phys. Res. A 364 (1995) 186-192 

of large assemblies made of medium-sized molecules and 
assemblies of large molecules and also to dynamical criti- 
cal behavior of condensed matters [2]. 

The NSE spectrometer, which has been installed at the 
C2_ 2 cold guide port of JRR-3M, JAERI in Tokai by 
Institute for Solid State Physics (ISSP), University of 
Tokyo, shares a monochromater, a neutron guide, a sample 
table and a dancing floor commonly with the other spec- 
trometer called the neutron spectral modulation spectrome- 
ter (NSM) [3]. In addition to the parts which are being 
shared with NSM, two precession coils and tables for a 
polarizer, precession coils, an analyzer and a detector have 
been constructed. The precession coils were constructed by 
TOKIN Co. Some remaining parts are being constructed. 
We have carried out test experiments of NSE using the 
parts already constructed and the complimentary parts 
brought from another NSE spectrometer which we had 
constructed at KUR before [4]. We have started to study 
slow dynamics in complex fluid systems such as mi- 
croemulsions and biological membranes [5]. 

In this paper, we present the design of the NSE spec- 
trometer and that of the precession coil in detail, and the 
performance tests of the NSE spectrometer. Finally, we 
demonstrate in the test experiment of NSE that the homo- 
geneity condition of the precession magnet is loosened by 
use of the position sensitive detector (PSD). 

2. Design of  the spectrometer 

We have designed an NSE spectrometer at the C2_ _, 
cold neutron guide port of JRR-3M as shown in Fig. 1. 
The dynamic range of scattering vector Q covers from 
0.005 ~ - l  to 0.2 ,~ i and that of energy h w  from 10 
neV to 30 IxeV. Some of the design parameters of the 
spectrometer are listed in Table 1. Some parameters in the 
previous paper [6] are revised in the present one and 
presented in comparison with other similar spectrometer in 

Saclay and Grenoble [7]. Since the spectrometer is not 
located at the neutron guide end, the neutron beam has to 
be bent at C2-2 cold neutron guide port as shown in Fig. 1. 
Bending of the neutron beam causes to decrease the neu- 
tron intensity at the spectrometer. In order to increase the 
neutron intensity, we have designed the spectrometer in the 
following principles; 

1) using the neutron beam with wide cross section, for 
which we adopt the followings; 

(a) optimal field shape (OFS) precession coils, which 
decrease AD. 
(b) wide area spiral coils and analyzer. 
(c) PSD, which loosens the homogeneity condition of 
the precession magnet. 
2) observing diverging neutrons scattered from the 
sample using PSDs. 

The reflected neutrons by the multi-layer monochromater 
at the Cz_ 2 port pass through the 9 m neutron guide and 
reach the polarizer. The monochromater which is a sheet 
of glass with alternating layers of iron and silicon oxide 
evaporated on the glass has a wavelength resolution of 
10-20% in the wavelength range 5 -10  A. The distance 
between the monochromater and the polarizer is about 10 
m. The polarizer, the precession coil, the analyzer and the 
detector tables move freely on the dancing floor. The 
reflecting and scattering angles at the monochromater, the 
polarizer, the sample and the analyzer (0M, 20M, 0p, 0S, 
20S, 0 A, 20 A) are set by a computer control. These tables 
have been constructed such that the distance between the 
polarizer and the sample table is about 3.5 m, that between 
the sample table and the analyzer 3.5-3.9 m, and that 
between the analyzer and the detector 3-3.5 m. 

Fig. 2 shows the set up of the NSE spectrometer in 
detail. It consists of the following parts: A: polarizer, B: 
magnetic guide, C: ~r/2 and correction coil, D: precession 
coil with spiral correction coils, E: 7 / 2  (or "rr) and 
correction coil, F: precession coil table, G: sample table 
with correction coils, H: precession coil table, I: -n-/2 and 
correction coil, J: precession coil with spiral correction 

_ a _ ~  L~_ ~_~2_~ ~ ~_ . ~ _  ~ . 2  

I 

N-I P'2 

--,.. 
fl 

Fig. 2. The set-up of the neutron spin echo spectrometer at JRR-3M. A: polarizer, A-l: polarizer, A-2: magnet, A-3: polarizer table. B: 
magnetic guide (vacuum tube). C: 1st 7r/2 coil, C-l: "rr/2 coil, C-2: correction coil. D: 1st precession coil, D-I: precession coil, D-2: spiral 
coils, D-3: vacuum tubes. E: 2nd "rr/2 coil or 7r coil, E-l: rr/2 coil or rr coil, E-2: correction coil. F: 1st precession coil table. G: sample 
table, G-l: goniometer, G-2: stage, G-3: coils (x-y-z), G-4: sample. H: 2nd precession coil table. !: 3rd 7r/2 coil, I-1: 'n ' /2 coil, I-2: 
correction coil. J: 2nd precession coil. J-l: precession coil, J-2: spiral coils, J-3: vacuum coil, J-4: symmetry coil. K: 4th ~r/2 coil, K-l: 
"rr/2 coil, K-2: correction coil. L: magnetic guide (vacuum tube). M: analyzer, M-l: analyzer, M-2: magnet, M-3: goniometer, N: detector, 
N-l: position sensitive detectors, N-2: vacuum tube. O: slits. P: beamstoppers. Q: monitor detector. R: beam shutter. 

NSE@JRR-3, NIMA 1995
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Again look at NSE and solenoids
The parameter space: moderator size, guide exit size, 
sample size, coil length, coil diameter etc

v look at the region of the parameter space for short coil 
length to increase flux while keeping intrinsic η

v effect of the pancake moderator at ESS  
=> smaller incident beam height 
=> shorter coils may be OK

Detguide
r3r2r1

D

Lcoil Lcoil
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Methods and tools

Calculation of flux for a particular instrument geometry:

using McStas, VITESS etc

Magnetic field calculations 

l RADIA (ESRF) + Mathematica: for coils, analytical 
fast and cheap compared to specialized software 

l Infolytica MagNet: for electromagnets
used by e.g.  Michel Thijs, following talk
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Consider the first arm of an NSE spectrometer

The symmetry with respect to x =0 is quantified by the parameter

Results
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Results
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The magnetic field inhomogeneities have been calculated for :
• parallel trajectories - = ∫ . + ,+, 

• the divergence of the beam / = ⁄$% 2 + ∫[+3. + ] ,+, and 
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Results
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Consider the differences in the magnetic field integral 

Δ$ = $ − $% = / 0%1 + 3 tan1 7 + 2 8 9% tan 7: + ;% tan 7< ,  
with 0%1 = 9%1 + ;%1.

and their variance: Δ$1 = /1 0%= + 31 tan= 7 + 4/3 0%1 tan1 7 +
4/8 0%1 9% tan 7: + ;% tan 7< + 438 tan1 7 9% tan 7: + ;% tan 7< +

481 9% tan 7:
1 + ;% tan 7< 1 + 2 9%;% tan 7: tan 7<
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Consider the first arm of an NSE spectrometer

trajectories  between randomly selected points connecting the  
guide exit and the sample

Results

 

L

R

π/2-flipper compensation current loops

d
2

d
1

Guide exit  Sample 

a
1

Z

a
2

z=0

π-flipper

  

x=0x1 x2

x

(0, y0, z0)

x=0

x



ISTSI 
2019

Consider the first arm of an NSE spectrometer

optimum s not the same 
for smaller or larger 

AS/AG ratios. 

Results
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Results
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Minimization of intrinsic magnetic field inhomogeneities
Case of weak asymmetry !" = 0.3 m and !( = 0.5 m. 
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Results
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Results
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v circularly shaped sample and guide cross sections

lead to lower field integral inhomogeneities in

comparison to the square ones.

v rectangular cross-sections with a height over width

ratio, of e.g. 1:4 increase the field homogeneity by at

least 30 %.

better than for circular beam cross sections !

v Thus the choice of beam cross sections that mimic

the “pancake moderator” beams seems to

significantly improve the magnetic field integral

homogeneities of a NSE spectrometer.

Conclusions - Recommendations
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v inhomogeneities become worse for shorter coils

v in order to reach long Fourier times, the length of the
instruments cannot be reduced.

v NSE spectrometers will perform better at the ESS, as
the required magnetic field integral corrections
(through Fresnel coils) will be weaker, but they will not
be more compact than e.g. at the ILL or FRM2.

Conclusions – Recommendations

BUT

THUS


