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ABSTRACT

and Faculty of Engineering, Hokkaido University

We review the small-angle neutron scattering (SANS) instruments, prepared at JRR-3,
Tokai, Japan. Conventional pin-hole type SANS instruments (SANS-J-II and SANS-U)
were recently reinforced by using focusing lens in order to detect ultra-small-angle
neutron scattering (USANS) appearing at ¢g=10*A"', where ¢ is a magnitude of
scattering vector. The double crystal (Bonse-Hart) method is available at PNO
instrument which is able to reach to the g-region of g=10°A"". mfSANS instrument was
designed to reduce its dimension using a focusing method. Dynamical nuclear
polarization (DNP) analysis is available at SANS-J-1I, in order to perform contrast

variation experiments.
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Fig.1 Schematic view of small-angle scattering with
(a) pin-hole collimation and (b) focusing collimation.
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Fig.2
(Bonse-Hart camera) SANS. Part (A) corresponds to the
basic setup of monochromater- and analyzer-crystals and

[lustration for the optics of double crystal

part (B) is second analyzer crystal in tandem location.
Scattered neutrons, which do not satisfy Bragg condition
to the first analyzer crystal, penetrate it.
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3.1. SANS-J-II
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iz, SRR EBRNTX D,

HELO FIRICITHELEZE R H Y, £ O THh
H#RZ 1~10m O CREI S RN LR 5 g %
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S (6 WK ARG L v ) [14] & JRITIC X D458



Table 1

Features of small-angle neutron scattering instruments.
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WOBA, KEOAE L O X ITEMETH DT
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DIEREREIRN ) A XA THRETILERNDD.
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Fig.3 (a) Photograph of SANS-J-II spectrometer at C3-3
beam port of JRR-3. (b) Schematic view of SANS-J-II.
Ly and L, first
lens-to-detector distances. Lg is sample-to-detector

indicate aperture-to-lens  and

distance.
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3.2. SANS-U
SANS-U [ H AR FCAT Y JRR-3 D&
M- ORI (C1-2) (ZRE - EE 21795 2F
KRR EE TH S (Figd) [17-19]. SANS-U
TR 32moOKREECTH D, W, WL
ZRWT 7A ompiET 2385 LAIHT 5. B
fbEaNF-FPHTRIIE R =L 2 HER-a ] A —
ZEORICHEEIND., =y (Ni) 27—
LA HE AR D 2 TERICKLER
B AR A AR T 5. SANS-J-II & [EERIS,
B OERNCITER L X (WHEHE L > X)
AL CENAMHELEBRNATRETH S, BT
BOEL S AU P IR ZE RS T (flight tube) PN~
LEHN, FOFDOL—ILD FIZERBEINTZ 2R
JeHER (Ordela #Efl~ /L F U A YR AR
645645 mm®, (LE/IARAE 5x5 mm®) TaRHAISH
5. 2 WonkRHERE, BB O OEEEDY 1m 5
l6m FTBEISEDLZENTE D, BVruk—L72
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oL XEMHBEDET, EOMRAERHE
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Fig.4 (a) Schematic view of SANS-U. (b) Photographs
of SANS-U spectrometer at C1-2 beam port of JRR-3
and (c) enlarged view of sample stage.
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ORERITH H[20]. #EHDOE L H—/L SANS H|
TETORERRD guin =2.5%x10° A TH D DITHf
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MEBLINTND.

3.3. SANS-U OFEERT 7 &4V —

SANS-U (F=2—H—DHEZ|ITEZ 5 S EIER
ABHRRIC TERNA CTE D Ly I L RENTZILA
~ & LT AR L T s, BUEHRILS,
fHIEMTAY TV F = Py — D, &Rk,
I3, MR, RENG IR E A & A
BRADHZ IR THRA AN T TH FERRN TE
2.

SANS-U Ol 7 7 7' Z Aix LabVIEW TE»
NTWAD, HFEROE YT 4 7L EBIE
7T AOERDED, FhEDOBRIENR~ T A
ECITH Z N TE, £, v a—XHE L
THRDICEBRORNERENTE D LI ->TW
%. SANS-U OHEREICHOWT D X 0 3 LWEHRIT,
SANS-U 7Rk —A~2— (171 LLF URL
http://www.issp.u-tokyo.ac.jp/labs/neutron/inst/sans-u/
Operation/Operation.html
L < IESCHR[18,191ICFE L < it B 5.

3.4. PNO

PNO I3 H A+ )W FEBH T8 A% 23 JRR-3 DY =
WD 3G R — MIEE - &9 % Bonse-Hart T 4E &
Th 2 (Figb(a) . EIICERE S PG ¥ 7V
E /R A =L b S B RE 2 R

, Focusin_F SANS
107 (L,=11.3m)
10° -
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10" - -4 scattering
ST SR 2
10°
10* f 10425 WA}D'Z .10 10°
Ox1 Y .
Q@A
3.8x10* A ")
Fig.5 Small-angle and ultra-small-angle neutron

scattering of polystyrene latex particles (2980 A in
radius) detected by SANS-U using combination of
pin-hole and focusing lens collimations. Intra-particle
scattering of spherical particle at small ¢ and incoherent
scattering at high ¢ are recognized [20].

A%, @EOREIZ2A ZHWS. KEFm(111)
NEEEI EXHcFvyorxn (8 Hy hLie—
Mo ot e L, SR ToEoR
NCHMET % 3 FIH SE521]. #EHT 2 2D
Ahem B 1,2 fkdh) ORICRET L. REtoH o1
ZIEE 20mmxE & SOmmx/EE lmm THDH. H2
i & IR L 72 S S/ M BGEL A |E 3 5 0 ¢, H
ERFRIL 6-8 RFfM A 3%, REDOIE S IXL EEK
GLERET D72 DICBRRESB U RN ORET D.
BoN-F =2k LT, Ny 2y 7500 REE
XYy MEZLTY. VTN F o Vp—il
AN X DK 6 3B E TORERE LR E%21T-
72[22]. BEWRIEH OREH L & SANS-J-IT & i
DR EL, 2 BOEBOHEELX > TWD
(Fig.6(b), (c)) .

(b)
Ei?Nu
!'uj{ SANS.I

Fig.6 (a) A bird's-eye view of 3G port, where PNO
spectrometer is installed. (b) Sample cell commonly
used for SANS-J-II (irradiated area of 15 mm¢g) and
PNO (irradiated area of 15x40 mm?). Sample is sealed
by quartz plates. (c) Auto sample changer for the cell.




Fig.7 A photograph of the mini-focusing small-angle
neutron scattering instrument, mfSANS.
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Fig.8 Small-angle and ultra-small-angle neutron

scattering of living bacterium (acetobactor xylinum)
detected by SANS-J-II and PNO. Combination of
pin-hole and focusing lens collimations were employed
for SANS-J-II. Profiles a and b originate from specimens
cultivated in H,O and D,O medium, giving rise to bulk
and film contrasts. Broken lines indicate intra-particle
scattering based on cylindrical object, as shown in Fig.
9(b).



Cellulose Bundle

Fig.9 (a) Schematic view of bacterium (acetobactor
xylinum). (b) Bacterium body is approximated by double
cylinder structure with scattering contrast Ab; and Ab,.
Cultivation in H,O or D,O medium results in bulk or film
contrast (Ab1=Ab,#0 or Ab,#0, Ab,=0), respectively.

~ (Fig.9(b) TAb=Ab#0) |2 5. —J5, FEAKH
TH:E L= ONAMIEK T S 4,
NFEx ENosfzary F 7 A MERORE (740
Lz b A R) (Fig9(b) TAb£0, Aby=0) (28 5.
SANS-J-II TIIESLRME/ AL, B dR—L
RUNGEGEL (B A 7 BB 10m, 2.5m) DFF3 >0
WEREGH LTS, 2 fEfmils L OB C
5 5T B N BEEL OB P (9 < 0.0001 A7)
T, BELREN ¢ CIE Lz, —JF, Erk—
NRNABELTE LN 2N L 0 RE REHTIE
oK, BEAKBBIENE U, Thbb, &K
T ¢TI WEEED, £ EKEROEKTIX
gt XV RRCREE SR S .

BRI A 1 X O B 1pm, R#iORE I35

~10um O MERZ L2524 ToH 5 (Fig.9(a)) .

2T, EMEREROMIRE & NEL A
VOSLT 2 EMETEELTAS (Fig9b)) .
HPBEMEOBIEEZ S &I Li(E2H) = 10um,
L3(ER3) = lum L L, I HIZAR :L3-L4(ER1-R2) =
10nm D & CTHEEL A 2 B EORIRK 2 KD
7= (Fig.8 DGR . 2 EHE O v = WidilfukEC
YL, 2 bT A M, BK, BEKEEBLT.
KADE g #HCERE L —ETHZL0b
5. <10 A~ OFEE TIEHEGELIE Guinier ORI
ICHEV B IR DR R, (S[(R2)+(H/3)] )
BROOND. Fi2, 2 DOREIOREOD g fHIKT
&, BELIREE O ¢ RO A, KEIOALE X
EROEZAR L O SICHIST 5. ¢ %
X, ZOZERA 7 — /L TIEE R R ORI R
25D THD. 4x10° < g <2x107 A~ O EFE
(10m DB iR — VIR A 3 —F S EEk) T
WHEDENEL D, ZOZEM A 7 —/LTIEag
W DIEHR % % < & A EKEBDRIBULTH D
O THD. —J, q=107~ 10" A" THHR & B
FERN—HLRWD, ZZTH-o7- 2 BEHEET
JVTCIE, llREEZR © OBEIROMAIE G s &N BE
ENTVWRNWEDTHD., W2 D E, ZOME
VN £ N T AN HIERAN T A | = 9
»H5.

Q) A UM b7 A NI

TRk ORI FAE] & L CEIRIEE A B RIS
L3 VTR INEREREL D, ZOFIET
IZERBINE O K FE A %, KR - WEE T
~A 7 vz BE Uit 5 5 CHEHEFIRE &
L CEmMIRRE 2 HERF 5. HIETOWEICHR
D FWEBELE BB A T D R P D A B
REE URAREE) ([TIKFET 5728, (W DRIEL &
L CEb ST ENRHED[28].

SANS-J-Il OEWIEZ A B R TIE, B #uv
O E I 2B LT, BIGME3S T, HE 1K
R THER & 2000 m*/ hr, ~VU 7 AHE S 1L/ hr
ORIEERELT-. ZORR~T7 2y FE2EDT
0.6mx0.6mx1.0m &9 /X7 KA X O i
ENER L. 0 AR TE OB
WA RE L-EE LWy e — X%
BH LY 7 A H IR C5E T3 % (Fig.10) .

FIEE A ©UARIE ClE, RO S L 225 5
etk = > 71 v (2,2,6,6-tetramethylpiperidine 1-oxyl
(TEMPO) ) OEANEE LD, 7V 0OE
WEIS AR 2 I 2 72 DI & oy + 7 D P = H &
(hhdh - FEAEYE, 7 A7 3170 RAA )
EEFALL L, ARRIRBIER I OAR Y v A MEE
We~r L72129].
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TAEITATRI I RALVDAFLUAHIZT Y
FNVEBRINZ F—7" U ONEBGELOSRIE &R
IRTENE 2 fRAT LRG3, T V0 R—7H28 30%
DIRIBE TH D Z ENH LM -72[30]. A
T U URIE AT L R B O A B YRR TR RR
RBIZH D . /INMATELOTRE T OB UK T % bk
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HA YT LD FLENIZ A Do THEBIER I
RAREERIEE L, A V7 L MO0 CIRAR
28%I272 5 Z LR LMo 7.
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Fig.10
(DNP)

spectrometer.

Photogragh of dynamical nuclear polarization

sample target developed for SANS-J-II



6 FEEFUT T DM B EHI T2 7o faEt 2 Rt
TXHEBREME L TEREBL TN,
(3) /MABELYE Z il e 3 2[RI A
INMEEELZ R T D FEEZ E— L T A VICHE
L, HUELZEBRZ1T 5 [Al—7URHI R L CIRIRE &I &
FhaLlz. 74777 41% 50um BL EDOY A X
B L CaEi Eo Rk A L7 WEEHZ B
LCHES e~ ra—7Chsb. F2CI73VF
757 4% SANS-I-Il DB — LT A ZBE LT
PRELE M TR EE T 2 B R L72[31]. £7-3 7 =
Zu—=7L LT UV, IR ®43i%E% SANS-I-II @
E— AT A NE A LEE BUSEIR ORI
L72[32].

4.2. SANS-U DJis i & ple it

SANS-U (& 1993 47> b Hk - L 4= [ 3L R F
DOHFEREE L LT Oa—F—IZFfHSN T
X7z B, 40 MRIE E O — K FEBERE A =TT
TWDIED, REZ N—T DOHIFEORRIE 10-20
WAETHD. WO RITES R (TR
TavyZEBERIE, L), TkELeZwLUT
v, RXUT)v, ERE, R FIRGRRE, JE
HAZRIAVY. 2306 ORRITW VNSRRI & H
B R o 7 — % ~X— A (ISSP-NSL
Activity Database) http://quasi.issp.u-tokyo.ac.jp/db/
searchphp & L < X, SANS-U KR— AL RX—
http://www.issp.u-tokyo. ac.jp/labs/neutron/inst/sans-u
/index.html 225HETE 2 &L 91T T 5.

PLUFIZ, SANS-U OEED/NA T A b ZEBIHE
T 5.
() 7 v v 7 LEAERKEROEF LGS
[33]

B 70 2 IR EE CRICARYE L 72 2 T BREG AL TA R B
(LCST) D@3 TR bk s v 7 m v 7 $6HE
1K Poly(2-(2-ethoxy)ethoxyethyl vinyl ether) - block
poly(2-methoxyethyl vinyl ether) (pEOEOVE- pMOVE
EREFD) KR OIREE - [E A BE, FHERR
B % KA BAER OB BAFFE LT, KR
J£ R, pEOEOVE-pMOVE /KIAHRIZIRE L5
PRV, NN O LCST Toh H#J 40°C, 65°C 1T
T 7 afolE, ~ 7 e foETS. LaLl, &
JEF T, SEIERMEREMR Sz, R,
P=100MPa 13T % 551230 O B R 170 % 3 258
Bl S 7=, 100MPa BA R ClE, iRED EFIC
PRV BENEITS 523, 100MPa DL ETIE, &
FED EFIZHEVHIEEBEZ o7, 2, &
T EROBKMA EAERICER L, FR2E 0 18
F 0 O HBEEOESEAFNED 100MPa Fi#% T
Kisd 5 Z LICERTH E L TH L.
(2) RV T rE L DOY U AN THEEDIIE[34]
mENYs CORE RS T ORI TIE, LIl
X7 (BBl L U7 BB #5E &9
ONE 0 g A (T ) EITE AR (D)
MO HEENBIE SN D . ZIVE TOEM T,
CUEE D TR LRV, ZOE VIS T
BNk T 5 LTS TE . L

L, fER b —CalTech-1HEbE 7 v — 71, &, 1,
B FERD ZBERMICEA LEZRY e L

(PP) 7 L > REREIOIEHH D SANS EERZ 1T,
PP LHES & PP BNV EERT DD TR
<, H, EBSFEES L VVIERIZSIML TS
ZEERWELE. ZLT, ZoREL LI,
EOTEPPIZELLT, YUEHICEDLY DT
ZHLD AT 7 E 2 L CTnd & LTI L
7.

Q) VVIRE T /) 7 4 A7 ZHE O - 1Y
MEE[35]

T T4 AT VA E X R EN G D
ATy ATHY, AKX H
DOE T E~DIGHAPFARF STV D. SANS
\Z &Y, dimyristoylphosphatidylcholine (DMPC)
& apolipoprotein A-I (apoA-1) B DF /T«
AT INEIR AAA, FERITA D2 BETHD Z &N
binol-. LIRS EISANS 2L, /T4
A7 WTORRERBPE R T A F T OB
I 20 FHLHENVEETEZ > TWNDHZ LR
o=,

ZOM, XFIEREBOESTTIVOIEM T
TO 2T SANS HIE LV, BN 1o
S DFFEBIR 7 IV DI FEREAE DAFSE A NE AT
nTVW5[36,37].

5. J-PARC O/NAHELIEE & OV 71T

/R I BCELZE & CRLAI AT RE 72 B/ N DI EL. Gonin
(A H LB E 2l LTz, ERE AT, Gmin
R TE DR KR (Qna) & B/ NEELA (2 G0in)
DHBEDETIRE D, ZOFEFIIEFF L L
APPSR AR CTH D, ZDkd/h
AEELAEIR (¢<10°A") OFEBRINHRIL, 260n, DK
HIZHZBET 2D Apax O T O IRFFEELE R PE 73
DFR/NTHREY, FBIHEOMEME (GEF or 7 VLX)
EBRe < 2D, BmRKEE (lnw) OHFMEFITH
LT, LUX, 27—, BEEMmEONTFET A
A Ao TR ©— 2B ATV, /AL
R 2 FZRIIE IR & 7200 h LLZRn

—J7, K& ql2onTIE, A& 200BED
HTIHWVAWNAFEETS. WAL /NS 20085
HbwiE, AL KX 20EFRIUED ¢ 5 %
5. ZOED I ARHAIRE D EETSAAT
P23 RN CRUBHC Y CHGEL &8, TRATEERTIEIC
X o T 2 OBELTET O g 28 L ONE 4N
X, BIERIZBANT, TRRABENEEND L
W 5. ML OHRALLE (g=01A7) 1I2BW0
TIRATREEZTE AT 2R TH 5.

F LD LN AFHELIR TIEAWIRER O H
PEF- 23 L CHRA - IR AEGLEEIR (R 5 H
BT ET) ERRIKHETLE, —J, E
FIE TN - B/NABELSER (EEa 008
EREMkE T) ZREICHET D Z LTRSS ITO
KAV IMRHVZEITHD.
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