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Hokkaido University
Electron linac based
neutron source facility
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Typical example of
a compact accelerator driven
neutron source.




45MeV Electron Linac @Hokkaido University

lllllllllllllllllllllllllllllllllllllllllllllllllllllll‘lllllllllls

® The first generation al
compact pulsed neutron ’

source
* First beam =1973
* still running...

e 35 MeV, 30 pA, 50 pps

Pb-Target,
solid methane
cold moderator
@17K
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® The first generation .
(P Y 8 ; ‘- ; ‘| ’
* still running...
Pb-Target,

45MeV Electron Linac @Hokkaido University
compact pulsed neutron |
source S w
® 35 MeV, 30 A, 50 pps g i
ing with ¢ Accelerator sections
solid methane
cold moderator
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* First beam =1973
@17K
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Time averaged intensity
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Compact neutron source
should NOT be
a compact "large facility".

llllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll /m

If you move instruments from a large facility,
you end-up with poor performance.




Compact neutron source
should NOT be
a compact "large facility".
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If you move instruments from a large facility,
you end-up with poor performance.

What we need is

an extreme optimization,;
beyond our imagination limits.




Today's menu

lllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll8

® Two of our goals:
* protein solution SANS
* Nanoscopic precipitations in steel
* Requirements to the instrument.
® Various SANS instruments and others
- Conventional SANS instrument
- Small-pinhole SANS
- Compact focusing SANS instruments
® [ntermediate-angle neutron scattering instrument
* Powder diffraction test.
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Let me talk about
Our goal first...
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UCH-L1: Parkinson's disease related protein

llllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll10

® Proteins deform and aggregate in solution
* Related to functionality

® SANS solution study should be a powerful technique
* Not fully exploited yet.

Wild-type Parkinson's disease
—e— Wild-type —eo— [93M
10§ a2 10 F 420
) — m29 . — m20

L. (@)

Measured -
at KENS 0.03 0.05

1 0.15

1 0.15 0.03 0.05 . 0
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0
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UCH-L1: Parkinson's disease related protein

EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEESEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE ]
® |owest-Q requirement
* modest =0.02-0.03 A1

* Relatively high intensity statistics at 8 Jg

e e
higher-Q rana=_
ild ‘e Parkinson's disease Omax < 0.5 (~2) A~
4 —e— Wild-type —e— I93M
ok — 29 10 e — d0| Accesstoa
- — m29 : —— m20 .
f : higher-q range
= = = Shape
1 1 a=20A information!
| 0.03 . 0.03 0.05 Lo 0.15
q (A™)
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Protein systems related to brain disease

EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEER {2

®* UCH-L1(ubiquitine carboxy-terminal hydlorase L1)

* Found in Lewy body

Related to proteasome system
(removes garbage proteins)

* Tau:

* Microtubline bound protein
* Abnormal aggregation (tauopacy)

o 4-repeat-tau ( MW 47kDa, pKa=8.85)

a-synuclein:
* Parkinson's disease I—k—+—|+|—+—-|
* Abnormal aggregation s sm

3-repeat-tau ( MW 43kDa, pKa=6.92)

[t

S. Naito (KEK)
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® Access to an mtermedlate-q range

is crucial S w  N
* Omax < 0.5 (~2) A" U A —
* Very high-intensity ';E \ S
- modest Q resolution g N
® Lowest-Q requirement | N
- modest ~0.02-0.03 A- 't @ ‘
* Relatively high intensity |
® Lower-Q measurementis 003 005 |‘ 0.1  _'0.|5
preferable | 1N
- Lowest-Q = several x10-3 A- Qmax < 0.5 (~2) A1
* or lower
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Masato Ohuma,

National Institute for Materials Science,
NIMS
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Nanoscopic precipitates in Steel
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Conventional SANS
Instruments are large

lllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll 16 =




Neutron SAS instruments

llllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll17

® | owest-Q measurement: OK.
® [Intermediate-angle scattering: questionable.

New D11 @ ILL

SANS-U@JRR-3 http://www.ill.eu/instruments-
support/instruments-groups/
instruments/d11/news-from-d11/
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SANS instruments are large

----------------------- CCLEEEEEEELLERE R EEEEEEEEELEELEEERE:
is long, | -
SANS 1S - \ =
pbecause sample SiZ ‘
is big. » | B //
’ Sample size )
Usually =10 mmg / prd
_4_,_._.- 40 mma®
< | | | i | l | | )
=10 m -
Typically,

AB~=1 mrad =10 mm/10 m
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Lij"Qe_[‘f‘...s
Why not use
a smaller pin-hole...

lllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll 19 =

Low-q scattering is usually very intense.




Small Pin-hole Time-0

EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEESRmR llllllllllllllzo

® Sample sizex2 Mmoo
- flight paths only 1.5m
* no vacuum tube

® Poor intensity = 1/2522? ° = (

\

Conventional
SANS instrument

~8m

dXl

5 mmd I(Q)°C¢‘dﬂi‘a‘vsample‘7l‘dﬂf

sample detector '
4 mmd %—ﬁ% 8 mmd same Q-1€ ;
o p e g o Very oW m’tels_‘ﬂ-—-)
15m 1.5m —

20104E 88 17H AHEH



Resistive wire type PMT +ZnS scintillator

Illlllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll21

* Li(n,a); ZnS(Ag) scintillation Hirota, Satoh et al.
* 3inch, 5inch PMT (RIKEN, KEK, NOP)
* R2486-04 a0
* Good resolution other detectors almoO
* <1mm online:
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2 Mm@ sample
compact SANS instrument
at Hokkaido University
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Very clean direct beam!

EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEGEZ3

* Hokkaido Univ. small pin-hole SANS, 2 mmg
* Cd plate drilled with Boric acid

Exact triangular shape Very clean tail !
iaan;Iq; m detector
4 mmo %—M& 8 mmo
| ] | 4 mmg
< >< > FWHM
1.5m 1.5m
8 mmg
100  bottom 100
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Preliminary

Scanning TOF SANS; 2mmg at Hokkaido Urversity

Welded
part
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0.2 mmo pin-hole SANS???

llllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll25

® Can you imagine 0.2 mmg pin-hole SANS instrument?

2 mmao detector
sample
4 mmod _iéé 8 mmo
4
= > <€ = ~
15m 15m or ma\jb:ne \
—
0.2 mmo 0.5 mMmmo
sample sample
0.4 mmd g detector P detector
' 0.8 mmo 1 mm® 2 mmao
i ) Dl
15cm 15cm oopm reso\ut\on x38 cm 38 cm
H uired.
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Using a focusing device

lllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll 20 =

Same Q-range, Q-resolution;
Very short flight-path.
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Focusing SANS instrument is Compact!

EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEER?/

= Focusing _ compact ; = Same resolution/intensity
Virtual "'" - Angular resolution
Source Lens/ mirror ~D/L=d/ ¢
i
/ Sample - Intensity:
[ Detector s
\ K IOC¢ dQ _Q sample Tlde
\ d
T /O
| | |
| | | | | | |
= Conventional point collimation /,/ >
| |
Sample _ Detector
P
%F b
| | | -
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Focusing SANS instrument is Compact!

llllllllllllllllllllllllllllllllllllllllllllll ) r EEEEEEREE?/
= Focusing _ gompact ; \e size IS nsity
rtual Lens/mirror 'mdepe“ .
Source | q_reso\u’uon. | J
w=TrTIENSItY:
[ ¢d91 % ‘/sample TI dQ
| | g
= Conventional point collimation / G

| |
Sample yd

—

7 Detector

-
T
911,
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Focusing SANS instrument is Compact!

= Focusing . gompact gample size 1S he nsity
Virtual ',., -ndepender\t of \
Source Lens/mirror 1 ion
i Sample q_reSO\u“O :
e P w=TrTIENSItY: )
I Detector i e s'\Ze |
\ L Reduce the pin-h© jution Xf
T to get very low q-1eSO
L1 B
- e e //O
= Conventional point collimation /, >
| |
Sample _ Detector

—
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Focusing SANS

EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEGERZS

®* Toroidal mirror focusing to extend low-Q limit.
* Moved from Jiilich to Miinchen

°
Q=4x104A -1

- L F 8 L M - L F -

>

R Bh &

— ﬂ - > ’: = - .’7

| }V! o — = i

Entrance Beam i Biee Position i

Pinhole Stop Sample 3:::;:;\:9 |

Toroidal Mirror

Fig. 1. Toroidal mirror with the image in the detector plane.
B. Alefeld et al./ Physica B 234-236 (1997) 1052-1054

* MgO: lens, sextupole lens are available.
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A compact focusing SANS at Hokkaido Univ.

EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEGR?)

Data Detector Sample Beam
acquisition | port
system - ,?

- a
.

B 2 Ellipsoidal mirror
-, 24 - 7 —_—
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A compact focusing SANS at Hokkaido Univ.

EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEGR?)

Data Detector Sample Beam
acquisition port
system
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Bovine thighbone, cross section SANS
preliminary analysis

EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEGR 30

Intensity

Radial Average(f& )
1.0E-01 T
= H9)=9”
1002 e s MISANS@H.U. Hil
\\\\\\ : = smmao

1(@)=072 ™2y
e S mfSANS @JRR-3

Q)=qrt T N 2mmao.  10mmao
1.0E-04 —_——== ====
1.0E-05 | ! AN . s \\____
1.0E-06 - RN ‘

1.0E-02 Q(A1)

5 Quin= ~ 0.003 A

1.0E-01

OKkusawa et al
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Mini-focusing SANS
instrument @JRR-3
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MfSANS@JRR-3
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Scattering chamber

Sample

Ellipsoidal mirror -

Aperture

Wide-angle detectors

4

Small-angle detector

_._._:J..

o

I

HH

—J

Deflector

Monochrometer

e

neutron
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Prototype focusing SANS @JRR-3

EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEGBE33

* Ellipsoidal mirror

2.5 Q¢ supermirror

2.5 m between focal points
* short radius 20 mm
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Si perfect crystal monochromator

® Fully asymmetric
geometry _om
- 5.8 A R=20 3
* 0.5 mm thick Si
platesx30 plates

- Brighter than a PG
monochromator - -

0.5 mm thick Si plates
x30 plates
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High intensity monochromator A
cept!
with.a beam, deflector. N+

EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEREERER3S

Improved monochromator being tested
Large ANA W Pin hole

beam spreader

neutron

_‘_‘_—~—\._._\_\_

— — S
neutron mirrors Bent Perfect Si monochromator
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y data

Ni powder 20nm preliminal

EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEREERE3OL

® Qmin =5x103 A-1 using 2mmg aperture.

100 - ——1
N— l(g9)~g*
10 N
1(q) o 1
y Direct Guinier
gbeam
0.1 | o E ':a;nv:qlek
Bx10-3 A-l 1

001 I I q/
0.001 0.002 0.005 0.0170 0.020 0.050 0.100
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oreliminary 42t

wider-angle scattering

EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEERJ/

® 48 Linear position sensitive
detectors at higher angle

* 1/2 inch dia, 600 mm in length
* GE made

1(q) Water

‘ -1
0.02 0.05 0.10 0.20 0.50 1.0&?[A]

0.05 06 /A"
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Other method of focusing:
bent supermirror

lllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll 38 =

Should be easy and cost effective.




Focusing by a bent supermirror

® Very gentle bending
- Elliptical bending, *120um at the ends

39
150
> ﬁ
) I
‘n 100 Focused bea
- [
Q |
c 50
- : Direct beam
30 40 S0 60 70
X mm

500mm
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Focused bea

Direct beam

40 50 e 70
X mm

500mm
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Two pieces of supermirrors
replacing a guide

lllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll 40 =

For neutron reflection measurement
for horizontal sample geometry.




@J-PARC
line for the reflectometer
beam

lllllll 41
llllllllllllllllll ometry
- Horizontal sample g_lc_eOF
' ]
Inclined beamline+
ight
' le heigh
need of moving samp
® No
o S 7 Mirror-, RPMT Detector
. i. \ /
] Sampye Positjon
3600 3980 8060 o (mm)
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First test at HU Linac

llllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll42

> 10
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N 08-
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O 06

+ i
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02
0.0 L \ L 4 \ e e S—— —
0.00 0.05 0.10 0.15 0.20 0.25
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Higher-Q end

Intermediate-anglé
scattering instrument;
using a very short flight- path




Intermediate-angle scattering instrument

® Very low angular resolution
=highly efficient at an intermediate-g range

® |Large sample size; up to 20 mm
® Reasonable Q-range; 0.05=Q =2 A"

-

s 3

Beam stbp_

3
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Intermediate-angle scattering instrument

llllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll44

® Very low angular resolution }

=highly effiri~=* .\t from |
r th‘ng L] a
® Large € E s\a\\]'\med equ|pment #2 X
® Reason J
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Nanoscopic precipitates in Steel

llllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll45

SAXS Very preliminary.
. % Laboratory SZ | A slice of
SAXS 500C 0,00020, wavelength
1} oo & 0.00015\\
s ’ -, 0.00010!
I [
5;’: SAN S 0.00005 \\- M '
g " 0.00000 Wt
o \,1 ' 0 1 2 3 4
a .~ (Feqg3Crp 17N
0.01 | " Missing "
— reason? /(']:eoscros)N
AN
g SZ _(Feg 3Cry7)N
0.001} *= 500C \CrN i
S A 5678 53 4 b
q1/nm-1 0.5 A
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Diffractometer

lllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll

Very low resolution




Diffraction in a steel plate _ gjminary:
—

EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEER4TY

16 PSDs

7.5m
I:l PSD position

20104 88 17H XEEH



Summary
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Summary

llllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll49

® HU Linac is a good example of cADNS in a university
environment.
® Various SANS instruments and others
- Conventional SANS instrument
- Small-pinhole SANS
- Compact focusing SANS instruments
® [ntermediate-angle neutron scattering instrument
* Powder diffraction test.
® Various optical device development
- focusing devices
* monochromators
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