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Efficient Usage of Neutron Beams

Principle Transverse Motions: Focusing, Imaging
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The Four Fundamental Forces of Nature
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Neutron Optics:
Focusing by
Sextupole Lens




How to manipulate

neutrons?
magnetic dipole ~ magnetic field

moment \ :

, neutron
s\
N

Neutrons can be deflected by its magnetic
moment in a magnetic field with a high gradient.

Force f = dp/dt is proportional to the field gradient G=dB/dr,
which is proportional to the distance r from the axis in a sextupole
field (G=dB/dr %r, BXr2). - Can be a lens!
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Magnetic Focusing by Sextupole
Focal Length
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Elongated Beam Line @HUNS
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Fitted by Convoluted Fn.
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The sextupole strength is increased by a factor of four.
However, the outer magnet was reused as is,

resulting in a LESS dynamic range.
A SHORTER focusing distance will be demonstrated.



Neutron Optics:

Magnetic Repulsive
Wall




Multipoles
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e |f the magnetic field strength at the wall is constant,
the magnetic field inside decreases as the number
of poles of the multipole magnet increases.

e At the extreme limit, it behaves like a surface mirror.
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Halbach Array
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Proof of Principle Experiment

Experiment was performed at JAEA JRR3 MINE2.
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Result

Neutron deflection using a Incident angle 6~1.7 mrad, (measurement time 75 s).
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was confirmed 3 Direct: > t | g 9
- ositive polarize
10001065 Ceunt— ooV POTATIZEE.
B | neutrons were ;
The next step is to create a | | detected at about 1 /2
gradient-field neutron guide ‘ 800 T fh"é"éauﬁi"afa'.}é& """""
and verify that it can transport - | | | .
neutrons r IS T R 1 T S
Neutron Beamj 000 ™
| a5 Posn:lve |
400 | ] N 548---Coun-ts ---------------------------
The magnet plate was Magnet Wall -
short and both positive C Negatlve Matches the angle
and negative polarity 200 —-----3-7-3—--Counts oot predicted from the
neutrons were observed. j Magnetic | magnetlc field gradient!
B Field [ - i

," | eEa b ol l IR 2Ll _a ==y -

i:{ Gradient Q5502 5,002 0 0.002 0.004 0.006
- _ _ Detector Angle [rad]
Negative-polarity neutrons are thought to be

A long magnet \, detected in small numbers, as some of them hit

would have stopped \
the negative polarity magnets or substrates and could not be detected

neutrons. — Neutrons could be separated
' into two paths

Negative polarity neutrons. Positive polarity neutrons.




Halbach Array
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Newly Fabricated Magnet Arrays
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Next experiments using these devices are currently underway.
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Summary

¢Magnetic Optics — No material contact - Fuzzy surface mirror
¢ Transverse Motions:

e Focusing / Imaging

e Magnetic Repulsive Guide — Fuzzy Mirror
¢ Longitudinal Motion:

e Rebuncher (Accelerator/Decelerator)

e \elocity Concentrator

Effective use of precious neutrons!

Longitudinal Motion Control was also demonstrated.
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Thank You!
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