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Conventional Neutron Spin Echo
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Neutron Resonance Spin Echo
NRSE
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MUSES (G.is) NSE + NRSE

Precession solenoid Beam stop

(NSE option) /

n-metal
Shielding

* Tysg . 0.2ps-20ns;

« AMA = 15%; Analyser

. i B o Resonance flippers ;
Scattering angle: 5 - 110 (NRSE option) 2 /
« Qrange: 0.05-4 Al \
« ®s=10"ncm2st (A=4.8A);
Detector o

* beam section: 4x4 cm?
e\ 35-14A
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Multi - MUSES

Precession coil Beam stop
(NSE option)

Wide angle
solenoid

| (A

n-metal
Shielding

Single detector : 0Q/4x ~ 0.002%
‘Multi’- detector : 6Q/4x ~ (0.14% Curved resonance

] flippers
 Curved resonance flippers (NRSE option)
* Wide angle solenoid
« Magnetic shielding
« Multi — Analyser Multi-analyser
« 22 He3 detectors g50 x 100 mm? e

He3 Detectors
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Resonance Flippers
Requirements on the flippers:

« Curvature radius ~ 400 mm;

«Static magnetic field: 10 — 300 G;
*Frequency range: 50 kHz — 1 MHz;
Homogeneity of the Static and RF field;
« Mechanical precision ~ 0.1mm;

New design for:

*Bootstrap coil — separated coils design
*Static field coil — low stray fields, low neutron absorption ,
*RF coil — additional compensation coils to homogenize RF field.
*Cooling plates — curved geometry.
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Static coil S
Bootstrap

connection

n-metal
plates

Magnetically independent coils
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Trifilar cupper wire
@ lmm

RF-litz wire

Anodized Al band
(0.3x3 mm?)

Sapphire insert
2mm thickness

(neutron transparency 98% )

Central frame
with neutron
window
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— Electrical connection

curvature radius 415 mm

2 U-shape frames
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Frames: fiberglass reinforced plastic G11

(>
(f
(11««

2 connection tubes
for air cooling

“
444N AAARA

L
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Curved RF Coll

Mica insulation between Al frame
and RF coil

E Freq. range: 50 kHz — 1 MHz
 RF-current:4-10A
* Wmax = 150Watt

. L Air connection tube

Teflon plate

3mm thickness _ _ _ _
Compressed air coming directly to RF coil
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*  0Bge/Bgre <3102 for aperture 30 °
* Freq. range: 50 kHz — 1 MHz
« Maxcurrent: 10 A.

Calculation Mathematica+Radia
Optimization modeFRONTIER

Number of the turns of half-
torus

Number of the turns of
additional half-torus
Internal radius of additional
half-torus
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Curved RF Coll

Max current: 10 A. Realiation |
R=1.332 e

Wmax = 150Watt
L=112.8uH

320 Sapphire inserts
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Curved RF Coll
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*New design of the coil to compensate stray magnetic fields

Magnetic field closed
by p-metal yokes

Curved Static Coil

Magnetically
Independent coils

f
: iu )
W W

Magnetically
Connected coils

Magnetic field
closed by p-metal plates



Curved Static Coil

0° 317.0
° 3165
—10° 5} L
0 ——15¢ = 3160
O, 214160 ] ) 20 £ | I
E Homogeneity \H S 3155
2 314.158 - m .
& 0Bs/Bg ~5:10° =310+ Homogeneity
2z 314.156 | @ i
2 1 G 31457 5BS/BS -~ 1'10 2
3 314154 4~ T 314 0.
x ] J‘“-\“// E B ] _00
2 314.152 \ © 3135 —
o d - .
5 I 100
g 314150 2 3130 o
8 y @
$ 3141484 ~ ] =81254 —o 20°
314.146 1
3120
15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85
15 20 25 30 35 40 45 50 55 60 65 70 75 80 85
neutron path length [mm] CO MSO I_ neutron path length [mm]
100 4 \ / 04—
] N
% 1] Residual field E Wl |
= E _ c é
g ] B/B; ~210° o
@ rr=s - ]
z 14 T 13
o T 0° > 1 °
x 014 S o014 . . ———0
S e s 1 | Residual field | —s&
g T ] ] 100
£ 001 7;3 % 0.014 Br/BS ~7-103 - 15°
g ] E é::::: - 200::'::::::
1E-3 éh— 1E-3
— T T T T T 1 \ T T T i"' \ I e e e N N S e S S R S R
0 10 20 30 40 50 6 70 80 90 100 0O 10 20 30 40 50 60 70 80 90 100
neutron path length [mm] neutron path length [mm]

07.09.2015 DENIM 2015 Sergey Klimko 14



Curved Static Coll

Back current bar Anodized Al band
N (1.6x4 mm?) Sapphire plates

Mu-metal yoke
to loop stray fields

~
o
I+
o
w»
o

Neutron transmittance of
sapphire 1.7mm - 99.3%
at 2=5 A,

1.7*%16 - 89.2%
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Back current bar Curved Static Coil ol voke
| f  Mu-metal yoke realization y

Inclination of the
aluminum band on
one side of the coil
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Curved Static Coil

Estimated resistance of the static coil R =0.178Q2 — Wmax(100A) ~ 1800Watt

Thermally conductive paste Cooling plates
Gap Filler 3500535
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Curved Static Coil

Cooling plate Cover

f

- Sapphire plates

Water and air /

connection b|0Ck\ Water cooling  Air cooling  Rubber sealing
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Frames of the
static field coil

Mu-metal
yoke

T
p.
W

Cooling plate

Mica

insulato Cooling plate

Sapphire
plates

Current bar and
electrical connections

RF-Connections Outer mu-metal shielding
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07.09.2015

Outer mu-metal shielding
0.8 mm thickness

DENIM 2015

Outer mu-metal shield\
\ (\
Gap between the coils \

and the mu-metal plate

Gap between
the outer mu-metal
shield and the coils.

Winds of /

band, forming
the colls

Flux-guiding
mu-metal plate

Overstanding

of the flux-guiding
mu-metal plate

20 Flux lines

Sergey Klimko



Curved Static Coll
Outer mu-metal shielding realization

Produced by “Magnetic Shields”
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for Al band

Al band -3 x 0.3 mm

Guide supports Curved RF-caoil

Adaptors between carts
and RF-coil

\

/

Winding machine

“THK” HCR curved guides |
and carts
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Winding of static coll

Circular movement

Guide and tension system of the positioning arm

for Al band

Positioning system for Al band

Alband—4x 16 mm

Linear movement
of the positioning system

Winding machine
Curved static-coil
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Laboratoire Léon Brillouinﬁ, CEA Saclay, France

Groupe of mstrument '“velopment
Sylvain DESERT
Patrice PERMINGEAT
Pascal LAVIE
Sylvain RODRIGUES\:,

Technical support:
Fred eric LEGENDRE \
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100 x 730 mm?

n-METAL
YOKE
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Magnetic Shielding

Deviation angle of polarization due to the stray fields:

¢g=7yBgrLIV;
Bir=2mG,L=5m,
r=10A:
Qg =247

Bsr <2 mG;

Magnetic shielding of the neutron path :

Double layered p-metal screen
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* C-benders, supermirrors
« Variable radius of analyser curvature ( diff. 1)

« System of curvature changing

» Shielding (magnetic, neutron)
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