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Conventional SANS instrument




Neutron SAS instruments
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* Typical SANS instruments
* about 10 mmg sample size
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New D11 @ ILL

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




Small Pin-hole Time-of-flight SANS
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® Usually, sample diameter =~ 10 mm o at SANS-U

® 16 m+16m at maximum
° Qminz5x10'3 A-1

detector
//
20 mm® Usually =10 mmg /
//// 40 mm®
%— — }
|
< ><€ >

8m
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Electron linac based

pulsed neutron source
at Hokkaido University




45MeV Electron Linac @Hokkaido University
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* The first generation compact Hokkaido University Electron Linac

pulsed neutron source

* First beam =1975
® still running...

* 35 MeV, 30 uA, 50 pps
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Tailor made experiment.

example 1.
Small Pin-hole Time-of-flight SANS




Small Pin-hole Time-of-flight SANS
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®* What do you think of this
SANS instrument at Hokkaido Univ.
* Sample size =2 mm o
* flight path only 1.5m
® no vacuum tube
* Poor intensity = 1/25??7

dZ
I(Q) < ¢-dY;- E * Vsample * 77+ d {1

2 mm® detector
sample
4 mmo® Hé 8 mmo
> o >

15m 1.5m




Very clean direct beam!
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* Hokkaido Univ. small pin-hole SANS, 2 mmg
* Cd plate drilled with Boric acid

4 mmo 2 mmo ////

8 mmo

1.5m 1.5m

S
Exact triangular shape I%

1

w

4 mmo
FWHM

8 mmg Very clean tail !
100 bottom 1NN




SANS near the direct beam _ jminary;
-
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direct 3.5A 5.3 A 7A T 'QF_l._;
~ beam
| < "Beam
, S stopper"
' B position

e .‘L}
100 1 1 1

0.0048 A1 0.0032 A1 0.0024 A-1

® Cf. Conventional SANS machine:

* Direct beam stopper covers low angle part! Cf. =0.004 A" with 8 m
* SANS B.G. due to collimation




Data analysis
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* 2mmg sample SANS is possible
evan at Hokkaido University.

®* TOF necessary
* Direct beam profile is precisely

defined

* Triangular shape direct beam Exact triangular shape

® With fine resolution area detector

®* How to de-convolute the result? P
® Fit with resolution function convoluted '
with S(Q)?

4 mmo
FWHM
8 mmog

100 bottom




Ex. 2. Diffractometer
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Very low resolution




Diffraction in a steel plate jiminary;
—
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16 PSDs

7.5m
I:l PSD position




Ex. 3. Intermediate-angle
scattering
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In between small-angle and wide angle.




Intermediate-angle scattering
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16 PSDs
e To be
D— € G pe\‘fOfm_eg-J
o . —
o &
sample © o
~ 6m ~300 mm

®* 0.05A7<Q<4A-
* with A=1, 12 A
* Ex. Precipitations in steel




What is the
tailor-made experiment
(TME) beamline

------------------------------------------------------------------

Compact pulsed neutron source is a
best place for TME beamline.




Moderator development
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* Best place for developing high-
performance moderator

* Coupled moderator concept
Solid methane moderator

®* Hands-on modification!
* Low flux means low activation
* J-PARC moderators are

developed here.
®* SNS composite moderator tested.




Just imagine some components
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Just imagine some components
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Supermirror components
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Si perfect crystal bender
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- High resolution area
detector

(RPMT)
Resistive wire type
Photomultiplier




Shielding blocks!
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Tape-engineering!




Detector components
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- High resolution area
detector

(RPMT)
Resistive wire type
Photomultiplier

- Linear Position Sensitive Detectors

(LPSDs)

8 LPSDs/modulex6 units
— , _ - He-gas:

L = . difficult to purchase?




Resistive wire type PMT +ZnS scintillator
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° Li(n, a); ZnS(Ag) scintillation Hirota, Satoh et all.
* 3inch, 5inch PMT (RIKEN, KEK, NOP)
* R2486-04
* Good resolution
* <1mm

* convenient system for optical device test.

{0
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Data
acquisition
system

MISANS at Hokkaido Univ.

Detector Sample Ellipsoidal = Beam
mirror port




EX. 4. High intensity
monochromator

------------------------------------------------------------------

for mfSANS@JRR-3




Commonly used monochromator
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Pyrolitic Graphite
* Mosaic crystal

° Reflectivity=80%

2 |

" ANMA<1% Not Su'\tab\e to - \
" depending on beam divergence SANS, Fjeﬂec’@nﬁ——)
—
Large beam divergence Collimation effects
- A\ spread - A spread smaller M
- mosaic M‘r - Lower intensity TT'_

A>AO A>ANO
A=A0 A=A0
A< AO A< AO




Neutron SAS instruments
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®* 1 instrument at the end of beamline.
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New D11 @ ILL

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




SANS monochromator
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° Velocity selector is the choice
° High intensity quasi-

monochromator -
" ANNE 5 }

e E)(treme\y .
gOOd \
performance,
—-—

1 selector/Guide-end

* Supermirror/monochromator

would be other possibility
° NOP beamline




Test experiment at H.U. pulsed neutron source
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¢ large divergence AR small divergence
small ANA N large ANA=4%

A>AO

Bent Si Bent Si

Large divergence
A<AO

A=\0

A > A0 \"

A< MO
A=AO
A>NO




Wide A band realized
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° A\ dependence by time-of-flight measurement
° Not easy at a reactor.

06
05
04

- Without mirror 0.05
03 ANA <2.5% -

010 position dependence

Intensity

54 56 58 60 62 64 66




High intensity monochromat‘(z‘rW ~onceptl_

° Improved monochromator being tested
Large ANA Pin hole
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ldea of compact SANS instruments &
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®* Many SANS modules

* along a beamline

To have long enough machine
time anytime,

* Ex. For protein solution research
Educate young scientists
Check your new ideas

Your own SANS instrument




Tailor made experiment beamline
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* Test new ideas
® Very easy to tailor an instrument.
Best way of learning neutron scattering and instrumentation.

* To educate young people
* Teach yourself

Low cost
Relaxed resolution to gain intensity

Tailor made experiment:

® Ex. just to look at...

Intermediate Q = 0.1~2 A1 region
a magnetic diffraction peak




Just to review focusing
SANS instrument

-------------------------------------------------------------------




Neutron SAS instruments
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®* Need a cold neutron source.
* Only 1 instrument at a guide-end.
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SANS-U@JRR-3 http://www.ill.eu/instruments-
support/instruments-groups/
instruments/d11/news-from-d11/




X-ray SAS instruments
are Small...

-------------------------------------------------------------------




X-ray SAS instrument
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®* Laboratory sources are available anywhere

* Proper training methods are established

®* Variety of books available
®* You can ask experienced people around.

If laboratory source is not appropriate,
you can always use synchrotron radiation

SAXS ESRF
http://matrix-dev.ansto.gov.au/research/ http://www.lightsources.org/cms/?
bragg_institute/facilities/instruments/saxs/ pid=1000103

mimi_saxs




Why not have compact
neutron SAS instrument

-------------------------------------------------------------------




ldea of compact SANS instruments &
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* To have long enough machine
time anytime,

* Ex. For protein solution research
Educate young scientists
Check your new ideas

* Many SANS modules

Your own SANS instrument




to match with large neutron facilities
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* Big facilities like
® ILL, Oak Ridge, Munich, NIST, JRR-3, KAERI, ANSTO, ...
® ISIS, Luhan center, PSI, SNS, J-PARC

e s =~ s

H'-i,‘;.' -
el e Yl

I

£8 A ‘l
‘;;\" @,’ \ >
) | -t ’ " . -
AN __m, Py 2 - 1
By < ”‘.‘“, -’ " o ’
el 9. o)\l . :
. -\ Y -

J-PARC
http://j-parc.jp/ja/layout-j.ntml




How to make compact instruments:
Focusing Is the key.
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Focusing makes instrument compact!
compact = low cost

Cf. Focusing gives us no-gain in intensity!




Focusing SANS
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® Toroidal mirror focusing to extend low-Q limit.

* Moved from Jilich to Miinchen
* Q=4x104A-1
- LF ot LH -t L F >
CIO N To -".
_J!~ |
| i\ W A - R
I~ ' Y" b
Entran éedﬁ; Position '
n ce |
Pinhole Stop Sample Sensitive |
Detector

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.




Ellipsoidal mirror focusing SANS

Kamada et al. (Hokkaido Univ.)
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* Ellipsoidal mirror
®* 1~10 mmg aperture  Siit
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Focusing SANS instrument is Compact!
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= Focusing _ compact ; = Same resolution/intensity
Virtual ol - Angular resolution
Source Lens/ mirror ~D/L~= d/ ¢
1 | .
/ Sample - Intensity:
| Detector >
| K IOC¢ dQ _Q ample T]dgf
\ d
T G
| | |
| | | | | | |
= Conventional point collimation / >
| |
Sample _— Detector

.
- 4__________
¥ i




Focusing in k space

Detector "plane”

Reciprocal space




Mini-Focusing Small-Angle Neutron
Scattering Instrument (mfSANS)

@Hokkaido University

Time-of-flight focusing SANS




EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEn5S0 N

Data
acquisition
system

MISANS at Hokkaido Univ.

Detector Sample Ellipsoidal = Beam
mirror port




Bovine thighbone, cross section SANS
preliminary analysis
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Intensity

Radial Average (& m)

1.0E-01

N CEE
10E02 +——aee | MISANS@H.U.,
~~~~~ "™ 5mmo
I(q)“q 2 \\‘xtx
1.0E-03 *vree S (SR
.................. "y, miSANS@JRR-3
1o} BT TSI 3 2mmd.  10mmad
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1.0E-06 N ]

1003 ~  _ _0.003 A1 '0E02 Q(A?) 1.

OE-01

OKkusawa et al




MISANS @JRR-3/JAEA

-------------------------------------------------------------------

Monochromatic neutron
focusing SANS




Prototype focusing SANS@JRR-3
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®* Ellipsoidal mirror

2.5 Qc supermirror

2.5 m between focal points
®* short radius 20 mm

., Detector

L: 900mm
W: 20mm




MISANS @JRR-3
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Wide-angle detectors

Small-angle detector
Scattering chamber

Sample

Ellipsoidal mirror

Monochrometer




NI pOWder 20nm  Prelimin®
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® Qmin = 5x10-3 A-1 using 2mmg aperture.

100 ——
—l(q)~q*
10
1(9) o
1_Direct
gbeam
0.1 ngh-ﬂlc:lek
N
5bx10-3 A-1
I N O q/A-1

.01
0%.001 0.002 0.005 0.010 0.020 0.050 0.100




preliminary data

wider-angle scattering
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® 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(5)[A]

0.05 0.6 /A"




mMfSANS
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Micro-phase separated block copolymer
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Accelerator-driven
Laboratory-size neutron-source
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* RFQ accelerator + DTL =3-11MeV
®* Lior Be target

* Combined with:

* many mfSANS modules,
mini-reflectometers,
mini-powder machines??

E




Summary
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®* Tailor-made neutron scattering instruments beamline

®* To check new ideas
Good for self-education

Small-pinhole SANS demonstrated
Various new devices under development
®* High performance monochromator

Very compact SANS instruments under development

* at Hokkaido university (pulsed neutron source)
* at JRR-3 reactor of JAEA
* High-performance SANS modules of your own at large facilities

With focusing technique
we can build very compact SANS instrument




