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Multilayer Mirror
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Quadruple-stack Multilayer m=10
the highest m-value ever realized

m=10 NiC/Ti wide-band monochromator
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quadruple-stack of double-sided multilayer mirrors
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baseline optics
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Optics NNbar@ESS
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by Go ICHIKAWA

Map of Figure-Of-Merit (NT?)
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Most of neutrons in this region are fast, they do not contribute to NT2 very much.
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cf.) This technique can be applied to stainless steel substrate, glass substrate, ...,

Metal-Substrate Multilayer Mirror
(catalogued by J-NOP Inc.)

Aluminum substrate with amorphous Ni-P plated surface

Advantages:

- Easy handling and fixture

* Robust and resistant to heat shock and radiation
damage

- Very low surface roughness

- Usable as m=1 mirror without supermirror coating

 Full numerical control: fiat surace, 1-D

ellipsoidal surface, 2-d elliptic surface and other
complicated optics

* Precision multiple-segment alignment
technology enables large-scale mirror
fabrication
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if necessary.
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Neutron Optics

Reflectivity
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are controlled by positioning
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« R&D in progress under the collaboration among PSI, RIKEN and KUR.



Summary 1

Additional optics doubles the FOM.

<NT2>main ~ <NT2>add

If we use only the additional optics,
the flight-path radius can be reduced.

a thinner vacuum tube
a smaller magnetic shield

cost effective
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a discussion for more acceptance

Auxiliary Optics

for an additional acceptance
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Refractive Lens
for Enlarging Effective Acceptance

neutron source

(slower neutrons) mirror

mirror (faster neutrons)
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Refractive Lens
for Enlarging Effective Acceptance

neutron source

N reftactiveens

(slower neutrons) mirror
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Refractive Lens
for Enlarging Effective Acceptance

neutron source

N refractive lens  less sensitive to

misalignment

(slower neutrons) mirror

mirror (faster neutrons)
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Refractive Lens
for Enlarging Effective Acceptance

neutron source

N refractive lens  less sensitive to

misalignment

(slower neutrons) mirror

mirror (faster neutrons)

compound refractive lens

magnetic lens
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Refractive Lens
for Enlarging Effective Acceptance

neutron source

N reftactiveens

biconcave Fresnel-shape

less sensitive to
nment
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“Reflective Lens”
for Enlarging Effective Acceptance

neutron source

N reflective s’

(slower neutrons) mirror

mirror (faster neutrons)
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“Reflective Lens”
for Enlarging Effective Acceptance

neutron source

N reflective s’

(slower neutrons) mirror

mitror (faster neutrons)

MEMS-optics

reflective optical component with techniques of
Micro Electro Mechanical Systems
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M EMS X- I‘ay Lens Y.Ezoe et al., Optics Letters 37 (2012) 779
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M EMS X- ray Lens K.Ishikawa, Y.Ezoe et al., DOI 10.1007/s00542-016-2980-6 Microsyst. Technol. (2016)
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M EMS X- ray Lens K.Ishikawa, Y.Ezoe et al., DOI 10.1007/s00542-016-2980-6 Microsyst. Technol. (2016)
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M EMS X- ray Lens K.Ishikawa, Y.Ezoe et al., DOI 10.1007/s00542-016-2980-6 Microsyst. Technol. (2016)
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aspect ratio ~ 1:20
coating demonstrated
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M EMS X- ray Lens K.Ishikawa, Y.Ezoe et al., DOI 10.1007/s00542-016-2980-6 Microsyst. Technol. (2016)
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m=1 m=1 m=1 m=1 m=1 m=1
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~900pm ~900pm ~900pm ~900pm ~200pm ~900pm

~3mm
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main optics

main optics acceptance

neutron source
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main optics

additional acceptance

main optics acceptance

neutron source
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main optics

additional acceptance

main optics acceptance

neutron source

Title(Cold Neutron Reflective C
Conf(INT Workshop INT-17-6¢
Date(2017/10/23) At(Seattle)



main optics

additional acceptance

main optics acceptance

neutron source
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Summary

Radiation hardness is the key

for cost effective apparatus

a thinner vacuum tube
a smaller magnetic shield

and for additional acceptance.
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