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@ High-Performance Supermirror at J-PARC

J-PARC/MLF

lon Beam Sputtering Machine

Reflectivity
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Reduction of diffuse scattering
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R. Maruyama et al., Thin Solid Films 515 (2007) 570410



@ Focusing supermirror development

J-PARC/MLF

Ultraprecise I

Osaka University JPAR(/MI.F Hi gh Performance

Aspheric Surfaces Supermirrors
by NC-Local Wet Etching j \ by ion beam sputtering

High performance
Focusing supermirror

MI#ERAK  GrmsEsoomm x40mm)

11



Numerically Controlled
JPARC/MLF Local-Wet-Etchi Ng (N C-LWE)

Ultraprecise figuring of a
surface of quartz substrate

&

Mumerically Controlled Scanning  Qsaka University

= XY-table
|
substrate
. Coaxial Nozzle for
Etchant = HF acid Supplying and
Suctioning of the
Etchant " Elow
« Non-Contact process Gas Suction ’ l
FPump
« Purely chemical process - Q |
J, | | Flow Meter
Reserve Tank

Stable process
No mechanical damage

Flow Control
Valve

Heat Exchanger
Magretic Drive Etchant

K. Yamamura: Ann. of the CIRP Vol. 56/1 (2007), p. 541 Circulation Pump



@ Process of NC Local-Wet-Etching

J-PARC/MLF

Figure Measurement

: : Simulation “ ¢
Coordinate -
| Measuring _| | oy Osaka University
Machine
L

227
[l 5
} Convolution
A
:3;; S5 ; : : A
(K S

“‘“ TN
P h(x. ) f(x y) g%y

'Total etching I} Etching rate I} Dwell Time l
\
Figure Error L

NC local-wet etching Complete

100um

Final Figure Error
K. Yamamura: Ann. of the CIRP Vol. 56/1 (2007), p. 541 13



High-Precision Aspheric

wane SUPErmirror
Precision Grinding __1st Polishing NC-LWE 2nd&3rd Polishing

\

[The Purpose of Each Process]

Micrometric level Removal of Sub-micrometric level Removal of
figuring in short time  subsurface damage deterministic figuring tool-mark & MSFR

Aspherical Supermirror

Ion Beam Sputtering

- Deposition of NiC/Ti i— Y

multilayer

high precision & high efficiency
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1-dimensional focusing supermirror

J-PARC/MLF

 400mm L (elliptical) x 100mm H x 35mm T

* NIC/Ti Supermirror m=4
— Focal Lengths : 2100 mm = 1050mm + 1050mm
— Incident angle 1.40 deg
— A>35A
— Beam acceptance ~10mm
— Beam divergence ~0.53deg




@ Surface Roughness and Figure Errors

J-PARC/MLF

Surface Roughness Figure-Error

PV1.33um

400mm

50mm Before deposition

Deformation
due to
deposition

Deformation amount(um)

After Deposition 0.202nm rms 0 100 200 300 400
Position(mm)

(64 x 48um?)
M. Nagano et al., J. Phys.: Conf. Ser. 340 (2012) 012034,



Focusing Experiment with Pulsed Neutrons

J-PARC/MLF

Unfocused beam
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Focusing Experiment with Pulsed Neutrons

S - Spatial beam profile

100 Profile at the focal point:
Unfocused (Divergent) Beam

Ul
o
I

Neutron Intensity (a.u.)
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Focusing Experiment with Pulsed Neutrons

S - Spatial beam profile

I
—
=
e
B B’
=
Tp]
-
8 50
5 mm =
-
N TN (@)
0 100 e
- )
)
=

M. Nagano et al., J. Phys.: Conf. Ser. 340 (2012) 012034.
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ofile at the focal point:
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Focusing Experiment with Pulsed Neutrons

S - Wavelength distribution

Meutron Counts (a.u.)

T
Deflect kP2E0O0OD ©

T T T
14000 - A=3.50 A Focused kP10800 @

12000 -

L% Unfocused beam

10000 - -
Wide band neutrons

800D |
$ h A > 3.50 A were focused.
6000 [ = 1
4000 o t Focused ™
2000 p 2 * beam
u
’ i 2 4 Is 8 10

Wavelenath (A

Summary on focusing experiment:
1 dimensional beam focusing into < 0.15mm
intensity gain 52 at focused peak

wideband focusing A>3.5 A
No significant growth of background due to the mirror



@ Thin focusing mirrors for stacking

J-PARC/MLF
20 —Ideal shape 2 T
12 —Figure error after depositior S8 N ‘_‘;:I 3 -+
gu &’.“’ "
« Quartz substrate: * Figure Error o Surface Roughness
150x150x1.5mm “r O 2nm rms
« 1-dimensionally elliptical shape - pi h—
« NiC/Ti supermirror (m=3) "o 0w e
deposited over 110 x 60 mm? Postton(mm)
* Vertical focuisng 1 dimensional profiles obtained with an Imaging Plate
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@ 2-dimensional beam focusing

J-PARC/MLF

Kirkpatrick-Baez (KB) Configuration

[Top View]

——

[Side View] 100 mm

Parameters for focusing

Beam Line BL10(NOBORU)
Focal Length(mm) 2100

Length of Mirrorl(mm) 400

Length of Mirror2(mm) 100

Size of virtual source (mm) 0.5(H) x 1.0(V)

Contraction Rates x1 (H), x0.45 (V)

Intensity (a.u.)
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Profile of Focused Beam

100

Horizontal o

Position [mm]
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2-dimensional beam focusing

J-PARC/MLF

Beam slit/Virtual source o . & “
0.5 (h) x1.0 (v) mm 2 ~x mmaW o Deflecting Supermirror

Mirror1: 400mm




Prompt y-Ray Activation Analysis

JPRCTML at a small spot of a sample
>
- 10% | . — 35— £ —
% Horizontally Focused 1x1mm2 ; -
* Vertically Collimated >b
0 - r ©

% neutron intensity 10*3 cps / 1mm? 565 S

*Measuring time 2000sec(Cd), 600s(B.G. ,> g _%

* N-type Germanium Detector 2 107 py "BE TS E
efficiency: 15% (at 1.33 MeV) £ o o< 8F
resolution: 1.9 keV (at 1.33) 3 g 8

O - 3 <
- S £
Ge detector *g 102 + M .D .
with no Horizontal supermirror = | il 4
shielding m=4 ”'f,'}l*'--illl-, ]
Vertical P i I e
slit Cd sample
. Background —— |
Focusing Mirror 10 : : : !
(Horizontal) 0 200 400 600 800 1000

Energy (keV
Cd (1mm in thickness) gy (keV)

A significant peak of Cd was successfully observed with no
shield covering the detector
=Useful for activation analyses of small regions of a sample



Focusing for
waom: COmpact small angle scattering

% J-PARC BL17 (PNR with coupled moderator)
% Vertically Focused

% Horizontally Collimated

% 1.0x1.5mm? @ Detector Position

% Focal Length : 7430 + 3620 mm

% Sample-Detector: 2500mm

* RPMT scintillation detector

L ' ' ' ' ‘Without Sam'ple —o—i
700 A 1
* T 600 ;. |
5 | 500 % it [ More than i
R g Adigits
= 400 = i 1
é 0 r -1 [ A L e ]
> 300 f e = T e
My 2 200 R \T
1073 L : : : : ; ‘ ' :
100 ¥ 0 2 4 6 8 10 12 14 16 18
—4 [ 2A (mran)

The Signal-to-Noise ratio can be improved by
2-D focusing and noise reductions on the RPMT detector.



J-PARC/MLF

Summary

Focusing mirror devices combining ultra-
precise surface figuring and high-performance
supermirror deposition with IBS.

No figure-adjustment needed after fabrication.

High focusing performance without growth of
background.

2-dimensional focusing with the Kirkpatrick-
Baez configuration.



Summary

J-PARC/MLF

* Applications
— PGAA at small regions of materials

— Compact small angle scattering

 Under development
— Grazing Incidence Small Angle Neutron Scattering
— Angular Divergent Neutron Reflection

e Also applicable to

— Samples in a high-pressure cell



Collaborators

J-PARC/MLF

* J-PARC Center @&

— R. Maruyama, H. Hayashida, K. Soyama (design and
supermiror deposition)

 Osaka University &

Osaka University

— M. Nagano, F. Yamaga, N. Mitsushima, K. Yamamura
(elliptic surfaces of quartz substrate)

* Support in beam experiments @y CROSS®E

miprehen x{-ﬂmll:'r?a
MLF Hean:hl:tFN I'OSCEE'dTE{h|9Y

— Y. Kasugai, M. Katagiri, T. Shinohara, M. Harada K.
Oikawa, K. Aizawa, N. Miyata*, Y. Sakaguchi*,
Mizusawa™ , K. Akutsu™

*. Comprehensive Research Organization for Science and Society (CROSS)
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End
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