CrieKTpoMeTphbl YIIPYIOro paccesiHusi Ha
COBPEMEHHBbIX HCTOYHUKAX HEUTPOHOB

AHnatoauu M. bajarypos
Jlaoopamopus neumpounnou uzuxku umenu U.M.@Ppanxka, OUAU, /[yona

< Ynpyroe paccessHue HCUTPOHOB

< YUTO0 MOKHO y3HATH 0 CTPYKTYpE € IOMOIIbI0 YIIPYIOro paccessHUsl HEUTPOHOB
Paccesinue kak ¢ypbe-npeodopazoBanue. Macumradbl paccrossHuid. JIupakunoHHbINA peaes u
ero npeoaoJieHue. Paspemnienue B npsiMoM U 00paTHoM npocrpaHcTBax. @a3zoBasi mpoodJema.

< OCHOBHBIE 321244 CTPYKTYPHOI'0 AaHAJIU3A
MaxkcumasnbHad 3aga4a. [lapamerpuyeckast 3agaua. OnpejaesieHue JJOKAJIbHBIX HCKAXKEHU .
3ajaun HU3K0ro paspeumieHusi. OJqHOMepHbIE JJIUHHONIEPUOAHbIE CTPYKTYPbl. MOy IMPOBAHHBIE
CTPYKTYPbl. MUKPOCTPYKTYPA KPUCTAJLJIOB.

< CHneKkTpoMeTpsl YIIPYIOro paccesiHus
CranuoHapHbie U UMIYJIbCHbIC MCTOYHUKH HEUTPOHOB. A = const vs. TOF.
Tunsl 1udpaxkToMeTpoB (11 MOHOKPUCTAIOB, 1/ MOJUKPUCTALIOB, “Real-Time”, Ctpecc-
augpaxkromerpsl). CiekTpoMeTpbl MATOYII0BOro paccesnus (USANS cnnekTrpomeTpsi)
Peduexkromerpnl (“Complete” pediexkromerpusi).

<+ Kyaa MbI cTpeMHUMCH B YIIPYTOM PacCesiHUM HEMTPOHOB?
<« Yro B Poccun?




PaccesitHMe HEUTPOHOB

“Y10 MBI J0JKHBI 3HATH 0 TBepaAOM TeJie? I'1e aTOMBbI HAXOAATCH U KAK OHU
B3auUMOAECTBYIOT. O MOJIOKEHUAX MOXKHO Y3HATH ¢ MOMOLUBIO JU(PpaKuuu, a 0
B3aUMOJACHCTBUAX — HU3Y4Yas AMHAMHUKY HUX [ABHMKEHHI. 3JHAYHUT HAT0 CTPOUTH
aupakToMeTPhI U CIIEKTPOMETPbI HEYIIPYrOro pacCesiHusi HEUTPOHOB”

M.I'. 3emIsiHOB

Yipyroe paccesinHue — CTPYKTypa

Heynpyroe paccesstnue — JMHAMHKA



Ynpyroe paccessHue HEMTPOHOB HA
cnekrpomerpax ILL (2004)

3 Axis (4.5) Nuclear Physics (5) SAS - Reflectometry (4)

3 ILL powder machinass

HR - TOF (7) Single Crystals (3)

Powders — Liquids (3)

10 (13 22-X) ClIEKTPOMETPOB YIIPYroro paccessHus odoecneuuBarwT 59%
IKCnepuMeHToB. 3 (14%) nudpakToMerpa A NOJUKPUCTAIIOB — 26%.
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Neutron space and time domain
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S(q, ®) ~ JJei@r -9 G(r, H)drdt

(L. van Hove, 1954 1.)

3aKkoH paccessHUA

{

KoppeasiunonHas pyHKuus

[~2n/q, T~2n/®

Js1 ynpyroro paccessHust:

Aq = (107 — 60) A-!
Al=(0.1-610% A




Yipyroe KOrepeHTHoOe paccessHue HEUTPOHOB

Ilepexaya ummyJbca

Ilepenaua snepruu (E, = 0.025 3B)

|

IIpoucxoaur
Bcerjaa

ATOMY WJIH MOJIEKY.Ie,
AE/E,~1

\

4

KoajaekTuBHOM MoOJe,
AE/E,~1

Bceemy kpucrasuy (MoJiekyJie),
AE/E, ~1024(AE = 0)
“ynpyroe paccesiuue”




Ynpyroe korepeHtTHoe paccessnue, o = ()

S(q, ®) ~ JJei@r - G(r, HHdrds

S(q, 0) ~ I[ G(r, 9) elar drdz = | <G(r)> el dr

<G(r)> - cpeanee ot G(r, 1)
110 0 HHTEPBAJIy BPeMeHH.

Kak npaBuJjio, aHAJIU3 110 SJHEPIrUM He BeAeTCs, T.e. PerucCTPUpYyeTcsi:

I S(q, ®)do ~ [I] eitar -0 G(r, Hdrdtde = [] et G(r, Hd(7)drdt =

= | elar G(r, 0)dr

10 pypne-o0pa3 pyukuuu G(r, 0), T.e. pyHKUUSA, CBA3AHHASA C
MI'HOBEHHBIM pacnpeae/ieHueM paccenBalUIMX HEHTPOB B POCTPAHCTBE.

st cucrem 0e3 n1u¢Py3MOHHBIX IBUKEHUH OTACIbHBIX YACTHIL:

S(g, 0) = | S(q, ®)do




Yupyroe paccesinve kak (pypbe-npeodpa3zoBaHue CTPYKTYPbI

S(q) = S(q, 0) = | S(q, w)do ~] eitr G(r)dr

I (mpsimoe u o0paTHOE nMpeodopasoBanusa Pypwe)

G(r) ~ | ei1rS(q)dq

S(q) ~ do/d€ ~ I(q) — unTeHCHBHOCTH YIIPYIOro paccesiuus,

G(r)= J b(u#) b(u + r) du — napuas koppeasuuonnas GpyHKius.

A1 (POPMYJIbI CIIPABEAJUBBI JJIsl 00bEKTOB JII000H MPUPOALI
U IS JII000M KOH(PUIypaluid PacCeuBAIOUINX LIEHTPOB.




Ipunuun I'oiirenca — Openens

f ~ b(r)-exp(ik,R) —

AMILIMTY/IA BOJIHBI, PACCeSTHHOM B TOUKe 7 = ().

f ~ b(r)-exp(ik,R)-exp{i(k,—k )r} —

aMIlINTyaAa BOJIHDI, pacceHHHOﬁ B TOYKE r.

f ~Zb(rj)-exp(iqrj) HJIH ~ j b(r) exp(1qr)dr

AMILIMTY/IA BOJIHbI, PACCESTHHON HA BCeM 00bEKTe,

q=k, -k,

I(q) ~ f(q)]2 ~ [] b(r) b(r") e9¢-)drdr” ~ [[ b(u) b(u + r) el dudr = [ G(r) el dr




Yhupyroe paccesinue kKak Gpypbe-npeodpazoBaHne CTPYKTYPbI

AMILTATYAA BOJHBI WHTeHCHBHOCTD PACCESTHHUS
f(q) ~ | eier b(r)dr S(q) ~ | eier G(r)dr
I : I
b(r) ~ | eie f(q)dq G(r) ~ ] e S(q)dq
Pacnpene/enne paccenBalonieii IIOTHOCTH Iapuas KoppeassuuoHHast GyHKIHS

b(r) / G(r) - 00beKT — f(q) / S(q) - u3o0paxxeHune

IIpsimoe mpoCcTpaHCTBO — OOpaTHOE NPOCTPAHCTBO




CootHomienue b(r) / G(r) njs1 Kpucrapia

PacceuBaroimasi mjioTHOCTD

N aromoB

Koppeassunonnast pyHkuus
(pyHKIIMSA MEKATOMHBIX PACCTOAHUI)

(pynkuus Ilarrepcona)

N(N — 1) makcumymon
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Yhupyroe paccesinue kKak Gpypbe-npeodpazoBaHne CTPYKTYPbI

1) XapakTepHblil pa3Mep U300pakeHusi 00PATHO NMPONOPUUOHAICH
pa3Mepy 00bEKTa 110 COOTBETCTBYIOLEMY HANIPABJIEHUIO (a;, <> b,).

2) Eciiv 00beKT nepuoanyeH BA0Jb @, TO H300pakeHre NepuoIuIHO
B10JIb b..

3) IIpu cBepTKe ABYX 00BEKTOB p; U P, BOSHMKAET IPOU3BEACHUE
u3oopaskenuii f, u f, u vise versa.

4) Haqinyue pe3KuxX rpaHUll B OJJHOM MPOCTPAHCTBE NPUBOIAT K
MOSABJICHUI0 MOAYJISIMMA B IPYrOM NMPOCTPAHCTBE.

|

| A~1UW

'\VAVI\VI\V/\V/\ ’\V/\V/\VI\VAV/'
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CooTBeTCcTBHE NPAMOIO0 M 0OPATHOIO NMPOCTPAHCTB
Z4 S

> .
Ny y

“Jlememka” “CrepikeHn”’
> g
D L

y

—
-
&

“Jlenemikn’”’c mepuoaom Z,, “Touxn” ¢ nepuonom 1/Z,
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PaccesiHue M3J1yUYeHUS HA MEPUOTUYCCKON CTPYKTYpeE

f~ exp(ikR)- X exp(igR,,)- D b(r;)-exp(iqr)) -

AMIUINTYa BOJIHBI, paCCGHHHOﬁ d HCCKOJIBKHNX

00BEKTAX.

v

Jisa KpucTamia, cocTosamero u3 0AMHAKROBLIX 00bEKTOB
(3J1IeMeHTaApHBIX fAYeeK): F =Z b(rj)-exp(iqrj) = Const s mo0bIX R .
J

Urak: f~F-38(q-2nH), Ttk Dexp(iqR ) — 3(q - 2nH)

H - Bexrop o0parHoii pemerku kpucrajia,

q=Kk,-K,=2nH — 2dsin0 =A - ypasuenne Byanda - Bparra
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JAnppakuMOHHBINA MpeIea U ero nNpeooJIeHue

% Q
b(r) ~| e f(q)dg - () ~Jeri(Q)dg, 0= g,
0 0
l.=2n/Q =\, /2 — nnppakumonnbii npee
Kak npaBuiio, g augppakuuu Ain =1 A, T0. [, 0.5 &
a1 MYPH 0=0.5A&1, T.e. .20 A.

B T0 ke BpeMmsl, Js MeKATOMHBIX paccTosinuii 6 ~ 0.002 A,
JJISl IAPAMETPOB 3JIEMEHTAPHOMN AYeKH ¢ ~0.0001 A,
U1 pajinyca HHePIMH 1100y JIsipHoii Mostekyabl o ~ 0.2 A.

JAn(ppakuuoHHbIN HpPeae NPeoI0IeBAeTCH 32 CUET:
- IEPUOANYHOCTH CTPYKTYPHI,

- MapaMeTPHYEeCKOro ONMMCAHUS U3MEPEHHBIX pacnpe/ieieHui.
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Pa3pernenue B npsiMOM NMPOCTPAHCTBE

0
b,(r) ~| e f(q)dq
0

f.(q) = 1(q)e(q), b,.(r) =b(r) ® T(r),
¢(@Q=1opuq=<Q, [—>| b(r)=F[f(q)],
¢(q) =0 mpu q > Q. T(r) = Flo(q)].
ﬂ
’ AnNnN /\ l\ AN An

N3mepenue f(q) npu q < Q npuBOaUT K:
- PAa3MBITHIO 0-00pa3HBIX pacnpeaeaeHnn,

- HIOABJICHUIO MOAYJ/JIAILIUNA.
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BoccraHoBJieHre CJI0€BOH CTPYKTYPbI

0
bou(r) ~] &0 f(q)dq b(x) = £ F(h)-cos(rhx/2)
0
2'0_""I""I""I""I""I""I""I'sin'q:qB'
15
| F(h) = sin(7th/2)/h
.04
@ ' \
S ‘\‘
05 ' ‘\
ot
0 1 2 3 4 5 6 7 3
h
CTpyKTypHBI€e (PAKTOPHI CJI0EBOH CTPYKTYPhI Pacnipene/ienue n10THOCTH, MOTy4eHHOE

10 HeCKOJBLKHM CTPYKTYPHBIM (pakTOpam

Paspemenue (pa3vbiTue) cunresa @ypse: W = 3.8/2xh . < 0.6d .
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da3oBast npodJieMa U ee pelieHue

b(r) ~ | e f(q)dq

|

f(q) ~ | eier b(r)dr

BelleCTBEHHAS (PYHKIUS

f(q) = t.(q) +if;,,(q) = [f(q)

-e'?(q)

KOMILIEKCHAs (PyHKUUA

Jos kpucranaa: F =) b(r;)-exp(2niHr;)

IIpsiMmble MEeTOIBI:

MeToa CTPYKTYPHBIX NPOU3BEACHUN
Metoa HepaBeHCTB Xapkepa-Kacnepa

CratucTnuecKkue MeToaAbI

HenpsiMbie MeTOIBI:

MeToa «THAKeJI0ro aToMa
Metoa «u30MOpP(HOro 3aMeIeHUus)

AHOMAJIbHOE paccesiHUe

17



BasxkHocTh (pa3bl B nepeHoce uHpopManuu

YT1KAa

1™

FT

e

/

Komka

FT

—_—

I

I

AMILTHTYABI YTKH + (pa3bl KOIIKH

dDypnbe - n300paxkeHue

/

'-

4

A

ITouTH KoOIIKA

dDypbe - CUHTE3

N3 kypca Kesuna Kasrana “Book of Fourier”
(http://www.ysbl.york.ac.uk/~cowtan/fourier/fourier.html)
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3agaun CTPYKTYPHOI'0 aHAJIM3A

1(q) ~ [f(q)* ~ || b(r) eiardr]?

Haubosiee oOmein 3agauveil sABJASAETCH BOCCTAHOBJICHHME pacceuBarolen
miorHoctu b(r) no usmepennoii unrencusnocru I(q).

IIpo6ueMBbI:

+ OTCYTCTBUE HH(popManuu 0 ¢a3ax,
+ Pas’ynopsiI0YeHHOCTh CTPYKTYPhbI,

<+ IKCIICPUMCHTAJIbHBIC BO3MOKHOCTH,

£




MakcumaibHada 3aaada — 3D cTpyKTypa MOHOKpPHCTAJLIIA

F =Z bjeXp {2ni(hxj+kyj+lzj)} — CTPYKTYPHBIN gakTop.
J

Pa3iioxkenue B psaa @ypbe nepuoauuecko Gpynkuuu b(x, y, 7).

b(x, y, ) ~ ZFhkl°exp {-2mi(hx+Kky+lz)} — pacceuBaromas miornocrs.

hkl

OoOpaTtHoe pypbe-npeodpa3oBanue (cunre3 Pypne).

Normalized intensity
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Cunte3 Dypbe CTPYKTYPhI

kpucrasiia HgBa,CuO,
Cu

Ceuenmue:

O
O,

Crpykrypa HgBa,CuO,,. O
IMo3umua O3 3anojiHeHa

YYACTHUYHO. 11(03) =0 =0.12. [100]

NN f
> \":‘0*\& AN /
SOOI
<O % =
.
e
NS
MR
NN/
= ‘\\":’f{“\ NS 77N\

Pa3HoCTHBIN CHHTE3.
Ceuennue:

0<x<1,

U=y= L

z=0
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ITapameTpuyeckasi 3a1a4a — CTPYKTYPa MOJUKPHUCTAJIIA

Mogesb CTPYKTYPbI H3BECTHA, 3a/1a4eil sIBJISETCS €€ YTOUHEHHE.

I(hkl) ~ j, 4 |Fpl* Ly — mHTEeHCHBHOCTS AH(PaKUMOHHOrO NUKa

12 =X o, (J. - 1.)> > min — ¢pynxkunonan nis MuAMMH3anAN,
J. — H3MepeHHbIe HHTeHCHBHOCTH NUKOB,

Ii — PaCcCINTAHHbIC HHTCHCUBHOCTH ITNKOB.

IlapameTpbl 1151 MUHUMHU3ALNN

a, b, c, a, B, Y napamerpol 3JeMeHTaAPHOI TUEIHKH,

n; (paxTOp 3aCECITCHHOCTH j-I0 aTOMA,

Xis Vjo T KOOPAMHATHI j-I0 aTOMa,

Bj U30TPOINHBIN TENJI0BOH (PaKTOp J-ro aToma,

Bij AHU30TPOINHBbIC TEIJIOBbIE (AKTOPHI j-r0 aTOMA.

22



ITapameTpu4eckasi 3a1a4a — CTPYKTYPa MOJUMKPHUCTAIIA

Y123-Cu/Fe . B crpykrype YBa,(Cu, Fe );0.,;

High resolution
0.1%

18 He3aBUCHMMBIX IAPAMETPOB:
(a, b, c) — Auelika,

(5 | ; BY9 (Z9 B)Ba9 (Il, B)Cu19 (Il, zZ, B)CuZ’

e b e s (Z, B)019 (Z9 B)029 (Z9 B)O3’ 0.
Y123-Cu/Fe

Low resolution
1% Jisl HaJIeKHOT0 YTOYHECHUA

HE00X0IUMO UMETh ~5 TOYEeK Ha

nmapamerp, T.e. ~90 HHTeHCUBHOCTEM

0.7

IIIIIII\IIIIIIIIII\II\I\IIIIIIIII\IIII\IIIII:\II\IIIIIHI ] IIIIIIIIIIIIIIIIIHI | III | IIII \IIIIII II | III IIII . I | . 1l : HHKOB.

1.0 = 1.6 1.9 2.2 2.5
d, A

Heo0xoamnmo o4eHb BBICOKOE pa3penieHue!
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o o,

Normalized neutron counts

'
o

YTouHEeHHEe CTPYKTYPbI MOJUKPHUCTAJJIOB
Metoa PurBenbaa (H. Rietveld, 1968)

I(d) ~ CD(d)A(d) Zjn |Fn|2 dn4(|)(dn-d) — npo¢puab THGPPaKIHOHHOIO0

CIICKTpPa MO0 BCEM TOYKaAM

XZ =X 0, (J i Ii)2 — MiN — MEHEMHA3ANHES 0 BCEM TOYKAM

08 09 10,11 12 13 14

MW

HRFD

T=293 K

[T la-ofsc

08 1.0 12 14 16 18 20 22 24
d, A

(Lay ,5Pry 15) :Ca, ,Mn'*0,

Lattice parameters (&)

<Mn - 0> (A)

7.695 T EM
7.690
7.685 -
7680 916
T6TS e
1.970 1 R —
1 I
|
I
1 |
1.965 - 0-18 |
B-g e fa
1 |
1.960 - ;
B § :
I
IR (D
1.955 : I . |
0 50 100 150 200 250

Temperature (K)

300
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Small angle neutron scattering studies of the internal
structure of dendrimers

=3
10 5
] The spherical cone model
Radius.......cooovveireeeenes 48 A
P erereerene e 2.1x10* cm™
2XU 0.95
Chisquare........ccccceeeennes 40
N 1 .
S
o
>
e
5 -
[
()
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[
- 01
0.01
0.01

Q, A’

SANS data approximated by analytical curve

for the model of spherical sectors.
The inner volume of dendrimer is permeable for water!

A.V.Rogachev, A.N.Ozerin, A.I.Kuklin et al., 2007.
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Chemical structure of dendrimer
molecule and its 3D model.
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ITapamMeTpuyeckoe onucaHne KPUBOM OTPaKeHHUS

mm22'83: Ni(N)-ll\liSi-Si-NiS'i-Ni(N) I .' . '. ';’.‘:.{;.: ::‘.".:':-:.:
o [] .t..\ o o o o 4
1| e Measured . .,.:.;:.
—— Calculated - '-:.’:; <y :;". !
Simulation 210-21-340-25-210 S,
Nb Ni(N) 9.4 .o
- NiSi 5.23
= Si2.12
=
©
L)
15
n'd
O.A.KopHeeB
U U, U,
200 400 600 800 1000
U2 normal( )
/ 3KCHepI/IM6HTaJII)HbIe TOYKHU U pacquHaﬂ
MOAJI0OKKA KpI/IBaH AJIA CUCTEMBI U3 3-X CJI0CB.

z HA.A.KopHeee, A. ®paHk u dp. 1998

Moaesb TPEeXCJOMHOU CHCTEMbI



JlokaJjibHbIE HCKAXKEHUS CTPYKTYPHI 1-r0 poxa

NaeaabHbINA JaJdbHUI
MOPAI0K. Y3KHe,
0-00pa3Hbie MUKH.
X

Ilepuon = x, Hepuon = 1/x, q
becnopsinok 1-ro poaa.
Y3kue nuKu.
AndPy3ubii ¢oHu.

<Mepuox> = x, Mepuon = 1/x, q

WUneansupiii nopsnok —  L(hkl) ~ |Fhkl|2 6((] - 2ntH)

Becnopsinok 1-ro pona ——  I(hkl) ~ |Fhkl|2 o(q-2nH) + 1 dif



OnpenesieHue JJOKAJbHbIX HCKAXKEHUN CTPYKTYPbI

Xopoiaue
KPUCTAJIBI

AMopdHbIEe
BellecTBA

Kpucramibl

bparrosckoe paccessuue. C BBIPA’KCHHBIM JAuddys3Hoe paccesinue.
CTpyKTYypHBIil aHAJINU3. OecropsiAKoM PaguajabHoe pacnpenesieHue.

Total scattering / Pair Distribution Function (PDF) analysis

T. Egami & S.J.L. Billinge “UNDERNEATH THE BRAGG PEAKS. Structural
Analysis of Complex Materials” Pergamon Materials Series, 2003.



Normalized intensity

Buckminsterfullerene C60

Normalized intensity

JlokajbHbI  0ecoOpsiioKk B
kpucraie C60 momaBisieTcs

IIPHA ITOHU’KCHUH TEMIIEPATYPhI.

08 1.0 12 1416 1.8 2022 24 26 28 3.0 32 34
d. A 29



OnpenesieHue JOKAJIbHBIX HCKAKEHUH CTPYKTYPbI

G(r)~[eirS(q)dq | — | G(r) =] 2/n-q[S(q) - 1]sin(qr)dq

36

24

Q(s(Q)-1)
12

T n L]

o = 6 24
Q (A7)

IIpuBenennsbiit cTpyKTYpPHBbIA pakTop F(Q) kpucramiudeckoro Ni, usMepeHHbIH 10 Qpax =
30 A! (caeBa). Ha BcTaBke moka3zana o0Jiactb 0oabmmx Q, rae BUAHBI JUPpPaKIUOHHbIE
NMUKH, KOTOPbIe HEO00XOAMMO YYHUTHLIBATHL IPH BBIYMCJICHUH MpeoOpasoBanust dDypne.
Cnpasa nokasana QpyHkuus G(r) (Touku), moiaydeHHass pypse-npeoopasosanuem F(Q), u
BbIYMC/IeHHAdA (IJIaJIkast KpuBasi) 0 CTPyKTypHoii moaenau ¢pynkuusa PDF. Buu3y nokazana
Pa3HOCTHAs KPUBasl.



OaHoMepHbIe JJIMHHONEPUOHbIE CTPYKTYPbI

1.0E+5 =
i *i“‘t’iai“i'\ 3L 1 3
3 r;‘a‘*t’? “;if A finéf‘}%i‘ ;?’Z%ﬁ” f
55 Ju r‘:f«:{s 5%"-{
S
; 1.0E+4 =— Fh00
g
1.0E+3 — f \
| | | |
0.0 0.5 1.0 1.5 2.0
/ Scattering vector, A \
Jlamenusipaast anppaxkuus JlatepajbHas 1uppakuus

F,,p ~ Il b(xp,2) exriixdxdydz = | e2mifxdx [| b(x,p,z)dydz
= j <b(x)> e2nihxdy

<b(x)> = || b(xy,z)dydz = ¢, + ¢,F, , cos(2mihx/d,)

Fh00 ~+ (Ihoo)l/2




Structure Factor
S

-20 4

-30 4

-40

Onpenesenue pacceMBaruei NJIOTHOCTH

Basic sample, T32°C, 60% humidity
L=2

-

Da3bl CTPYKTYPHBIX (PAKTOPOB ONPEACAAIOTCH:
- MeToA0M Bapuauuu kourpacra H,O — D,0O,
- - MeToaoM “nadyxanus’, d (% H,0).

L=4

CHz2 chains

Stratum Corneum, d,= 45.63 = 0.04 A

0 10 20 30 40 50 60
D,0. %

37 o 39 .

< 3

o <

R B o

Z &

= 24 %

polar head =

polar head
groups 14
al
\ ‘ 1) ‘ \
30 10 10 30
20 0 20
x, A
2 /
T
CHzgroups | CH2 chains
N CH3 groups
-1 2

DMPC, d,=54.75+0.03 A



MuxkpocTpykTypa: pasMmep 0JI0KOB, HANIPSIZKEHU s, TEKCTypa

Standart a—Fe sample,
fe236, FSD, v=6000, BS detector

—— Experimental poinis a-Fe (Im3m, a=2.8664 A),
meee e ®CJ1 (UBP-2, J1yoHa)

Intensity

#
,
y A J
» ¥ o ¥ L ' e v Pimplibbepf o
| | I
—

1.9 2 21

‘ \
0.5 0.6 0.7 0.8 0.9 1 1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8
d, A

Humencuenocmu NMKOB 1AaI0T MH(pOpMaALIMIO 0 TEKCType B o0pa3sue,
NO10)iCeHUA TUKOB — O CPeIHeM IapaMeTrpe 3JIEMEHTAPHOU SAYEUKH,

WUPUHbL TAKOB — 0 pa3Mepe 0JIOKOB M JUCIIEPCUN ITapaMeTpa.
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80

Pa3zMep 0J10KOB M MUKPOHANIPAKEHHUS

W2=C,+Cd2+Cid?+C,d*

=
DyHKIUA paspelieHus

TOF-gudpakromerpa

1 HRFD

wid_al203_NAC

N

60

NAC (chw=4 ps)
(Dec-04, 916)

(Sep-04, 823)

20

AL O, (chw=4 ps)

250 4
200 1

- i
= 150

W2, arb. un.

100

50 1

d**2

Crangaprasbie o0pa3ubl (NAC,

Al,O5) 0e3 HanpsKeHu .

7 N\
MuxkpoHanpsiKeHus, Pa3mep 0J10K0B,
300 I " Wid_d-1 ‘ ‘
| CaCuMn,0,, 1000 1 W2=C, + Cyd? + C,d* ]
| HRFD N ] ]

MukpoHanpsiKeHus1 Kak
(pyHKUusA TeMnepaTypsl.

2
(d, Ay

HIupuHbI NMKOB B
MeJIKOKpHucTaindyeckoMm Ni




BiusiHue MUKPOHANIPSAKEHUHN HA TUPPAKITUOHHBIN CIIEKTP

0.0006
A Sample1 A
| o Sample 2
0.0005 - L d psample

0.0004 ~

«" 0.0003 -

0.0002 ~

0.0001

0.0 1.0 2.0 3.0 4.0

5.0

Comparison of diffraction peak widths for
real and reference samples (red points).

Austenite peaks

The main sample

The g-sample

MWW

T
0.5 0.7 0.9 11 1.3 1.5 1.7 19 2.1
d, A

WWMHHH

2.

Comparison of diffraction patterns for
samples in initial state (bottom) and after
some operational time. Peaks are wider,
new austenitic phase appeared.




W2

2000

AHM30TPONHOE yHIUPeHUue TU(PPAKIUOHHBIX TUKOB

1600 -

1200 -

800

400

IIupunel nukos ot B-Ni(OH),.
KorepenTHblie 0JI0KH — TUCKH C:
L,=350A,L =150 A.

JlaHHBbIE e-MHUKPOCKOIMUU:
L,=1500 A, L =200 A.




HoBble HayYHbIe TEMbl HA HEUTPOHHBIX CIIEKTPOMETPAaX
YIPYIoro paccesinus

“Msrkas” marepusi: CTPYKTypa, kKoHdopmauus, ...
HeoOpaTumble nmepexoaHbie Npouecchbl (XuMus, 0M0JI0rus)
JIokajibHbIE HAPYUICHUS JAJIbHEr0 MOPAJAKA B KPUCTAJLIAX
CJ10:xkHbI€ MHOTOCJIOMHbIE CTPYKTYPbI

BHyTpeHHHUe HANPSAKEHUSA B 00beMHBIX MaTepHajax
Texcrypa HU3KOCUMMETPUYHBIX MUHEPAJIOB

JKCIEPUMEHTHI IIPH “0YeHb”’ BBICOKHX JaBJICHHUSX
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OcHOBHBIE NIPEANOCHUIKH Mporpecca

T

HoBble naeu HoBbie BO3MOKHOCTH
Cynep3epkajibHble HEUTPOHOBOIbI HoBasi reHepanusi 1€TEeKTOPOB —
bamucTuyeckue HeMTPOHOBOAbI MO3HIMOHHbIE U IIHPOKOANIEPTYPHBIE

HellTpOHHBIE JIMH3bI
DoKYyCHPYHOIIHE MOHOXPOMATOPDI HoBasi reHepanust UMITYJIbCHbBIX

YupagsjieHue CIMHOM HeiTPpoOHA HCTOYHUKOB HEUTPOHOB

Koppeasinumonnbie (Pypbe) MeTOAbI

Multiple frame overlap

Multi-spectral extraction




HelTpOHHBIC HCTOYHUKH JAJI MCCJIeOBAHUMN

KOHAE€HCHPOBAHHLIX Cpe/l

I. Continuous neutron sources

W=10-100 MW
Const in time

VVR-M, Russia
IR-8, Russia,
ILL, France

BENSC, Germany
FRM I1I, Germany
BNC, Hungary
NIST, USA
ORNL, USA

SINQ, Switzerland

A

11. Pulsed neutron sources

e

I1-a. SPS

W=0.01-1MW
LLB, France Pulsed in time
t, ~ (15-100) ps

ISIS, UK
LANSCE, USA
SNS, USA
KENS, Japan
J-SNS, Japan

N

I1-b. LPS

W=2-5§MW
Pulsed in time
At, = (300 — 1000) ps

IBR-2M, Russia
ESS, Europe

LANSCE (new)
?2??
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Continues (CNS) — Short pulse (SPS) — Long pulse (LPS)

Thermal power of CNSs amounted up to the upper limit.

CNSs are mainly nuclear power-plant with very specific safety regulations.

SPSs are extremely costly.

In LPSs the storage-compressor ring (the most costly unit) is absent.

In LPSs the thermal load at the target is decreased considerably.

We stand at the bridge between the existing second generation of
neutron sources (high flux reactors and relatively low-powered
SPS) and the proposed third generation, consisting of intense

(long)-pulsed sources.




| R.M. BRUGGER
Physics Today (1968)

2
n/cm’/s

EFFECTIVE THERMAL NEUTRON FLUX

I. We need more intense
thermal-neutron beams.
II. High-flux pulsed sources ~

would replace the generation
of steady state research
reactors.

10°

1015 _

1ot J

10° 4

1930

The 2™ statement is under realization?

IBR-2Mpgq
&
SM-2 : = pik SN
URPHE:EQ‘{l;\Q SNl @ WIREN
IBR-30 L2 ! |r\'-(m| Lt
KENS
B incr
CP-2
® STEADY STATE REACTORS
B PULSING REACTORS
® SPALLATION SOURCES
T T T T T T T
1940 1950 1960 1970 1980 1990 2000 2010
YEAR
1. SNS, Oak Ridge, USA, 2008
2. TS-I1, ISIS, UK, 2008
3. J-SNS, Japan, 2010
4. IBR-2M, JINR, Russia, 2010
5. ESS, Europe, 20??
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Kiaccndukanus cneKTpoMeTpPoOB YIPYIoro paccesiHusi

I. Ciioco0 opranM3anum OCHOBHOI'0 IKCIIEPUMMEHTA

N

'

JAudpaxromerp ClIeKTpOMe;p MYPH PeduexTomerp
(Op3rroBckue mMUKM) (R>>1)) (rpanuubl pa3gena)

11. MeToa pa3BepTKH CIIEKTPA
A = const TOF

T0JbKO Ha CNS SPS & LPS, (CNS)

I11. Tun crpykrypHou 3aga4umn

OnTuMu3anus CieKTPOMETPA MO CBeTOCHJIE, Pa3pelleHnIo,
ypPoOBHIO (GoHA, THANIA30HY NePeJaHHbIX UMITYJIbCOB, ...




HeurpoHHbIC TUPPAKTOMETPHI

JJ1s1 MOHOKPUCTAJLIIOB

JJ1s1 MOJIMKPUCTAIIIOB

—_— JAByxxoopauHarubii ITY 1, Ad/d = 1%

—— | Ilupoxoaneprypusbiii ITY/1, Ad/d = 0.02%

Real - Time | —

y

Ceerocmia = 106 v/c, Ad/d=1%,d_.. > 10 A

max

Hanpsixkenuss | —

Gauge volume = 10 mm?3, Ad/d = 0.04%

0.05

1R(0) = A0/tgb

o
)
=

DyHKUUA paspelieHus
uMeeT riIry0oKui
MHUHHMMYM B paiioHe 45°.

Resolution
o o
o o
N w

o
S)

o

0 20 40 60 80
Bragg angle, grad



A = const, High - Intensity Diffractometer D20, ILL

4 monochromators,
S take-off angles,
Soller collimators

S Soller Collimators
¥~ Monochromators

;f«::;sif'? / op o % h\f“‘ g e
yariabie hending doubles o~ b\ Position Sensitive Detector
fOcuSing Si_monochromator \\%:/ et




IIupoxoaneprypusbiii ITY a5 A = const tuppaxkromerpa

DRACULA at ILL, France

y [ e SR RS R
=g

lrf;-'u.'i"“::'.l:.-_. T T re—
L e 1 9 e

I
|
I ||
ot |

H'L!'_]'.J-.J'-\_a"w,_,-_ll; ..._ _ |||||

50 100
2" Theta

150

A = const diffractometer

Linear-wire, *He PSD, Q< 1 sr Yuactku koien Jleoas - llepepa

Arnh



Ucnoab3oBanue kamepsbl Paris — Edinburgh ¢ pagunaasHbIM
kosumumaropom, HRRT (SINQ, PSI)

Sample Cryostat walls, efc
/

Radial
collimator

Detector




High-intensity and high-resolution diffraction
with A = const diffractometer

1.2x10 * famnjo.1p | Na2Ca3Al2F14
chiz= 4.06
1.37 4, 2 min
1.0
o 0.8 —
©
{m]
E
E 0.6
(=]
o
04 |

10 20 30 40 50 60 70 80 an 100 110 120 130 140 150p
2theta

Diffraction pattern obtained in 2 minutes on D20 (ILL) in high-resolution mode.
NAC-standard, Hansen et al. 2003.



HlupoxoaneprypHsbie nerekropsl 1 TOF-tugpakromerpos

GEM, ISIS, UK

Sample Tank Banks 6% 7
- ld2T-171"

-
-~
A
e T
o

| & Q:‘%\}

S Y
To Beam Stop™ \&""ﬂ} q""* .

Bankl BankZ  Bank3 Bank4 Bank5 Bank5E
5 =12 137217 247457

s07-4t 0 - 108T  106°-1147

L=17 m, Ad/d = (0.35 — 5)%,

One of the fibre-optic-encoded
det. area =7.3 m?, Q=< 3.86 sr

ZnS-scintillator detector modules
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PowGen3, SNS, Oak Ridge

L =60 m, Ad/d = 0.1%, detector area = 11 m?, Q= 1.5 sr




lerexktopHas cucrema FSD (UBP-2):
KOMOMHHMPOBAHHAS reOMeTpUYeCKasi U
JIEKTPOHHASA (POKYCHPOBKA.

40°
40°
1.2m
neutron guide/
BS detector
~
0.8 m 90°-detector

90°-merexTop: ZnS(Ag)
CUMHTWJIATOPHI U CTIEKTPO-
cMeIlaue BOJOKHA.

i |
6Li glass (old type) backscattering detector
assembling on FSD.




HeuTpoHHBIN TUPPAKTOMETP: OCHOBHBIC MapaMeTPhI

* IloToxk Ha oOpa3ue

* Pazpemenue

* TesecHBIN YIoJI IeTEKTOPA
* NnrepBai no d,

* YpoBeHb (hOoHA
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Crerocuia / CkopocTth cuera

I=®,-S- (Q/4n) - d [n/c]

@, — MOJIHBII MOTOK Ha o0pa3ue ~107 n/cm?/s
S — momepeyHoe ceueHue odopasmna 5 cm?
() — TeJIeCHBIN YIoJI 1eTEeKTOpAa ~1 sr
0 — BEePOSAITHOCTDH pacCessHUA ~0.1
“Point” counter: Q=103 sr
DN-2, IBR-2: Q~1sr — I1=510%n/s
GEM, ISIS: Q=4sr

d-MHTepBAaJ (n3mepsiembiii oqHoBpemenno) MOKeT ObITh (0.5 — 60) A
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Phase transformations of high pressure heavy ice VIII.
Time-resolved experiment with At = (1 —5) min.

Ice VIII

450

400 TOF scale (d-spacingS)

Time / temperature scale: T, =94 K, T, =275 K. The heating rate is =1 deg/min.

Diffraction patterns have been measured each 5 min. Phase VIII is transformed into high

start

density amorphous phase hda, then into cubic phase Ic, and then into hexagonal ice Ih.

A.M.Balagurov et al., JETP Letters, 1991 (IBR-2)
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Temperture/K

Ice-VIII - amorphous ice transition
as it is seen with D20 (2003)

CryoStat D20 ice- VIII D20 N2 (AT THE BOTTOM) IN TEFLO

21-Sep-00 21:49:44 User Kolesnik L.C.Har Run 2*d20_2000_09_003552.130 9266:9622

2eta
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High-intensity real-time diffraction on DN-2 TOF
diffractometer (IBR-2, Dubna)

\\\ {
it 'ry |
Wt
Gl - ——
) \\‘n .@&“"g’w's’ﬂ':.' Yty

W RN 97% RH
AR
\\Q,ﬂ,&%@ﬁ&@’éﬁlﬁ%ﬂgwn /

A AR
TN P O

4

58% RH

T T 1
60 80

DPPC/Cholesterol membrane diffraction patterns measured at various relative
humidity: 48% RH — 97% RH — 58% RH with At =3 min.
The membrane thickness is ~ 5000 A, period of the structure is ~ 50 A.

M.A Kiselev et al., 2006 (IBR-2)
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Resolution

Paspemienune TOF-mu¢dppakromerpa

R(t,0) = Ad/d = [(Aty/t)? + (AD/tg0)2] 12

t~Lsin,b, R=0 if Atj=0andL = o
and AO0=0o0r 0= /2

0.002

HRFD
V =8000 rpm
L=21m HRFD:

0 = /2,

AO/tgd = 0.0035,
At,= const ~ 7 ps,
L=~21m

0.0015

R(t) = At /t ~ At,/d

0.001

0.0005 -
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TOF diffractometer HRPD, ISIS, UK

HRPD — High Resolution
Powder Diffractometer,

L =100 m, Az, =15°A ps,

Ad/d = 0.0005 - 0.01

M =ide)

Low: angle

100 K CH, mode rator detectors [30°]

f 100 m i quide
| s :
El:.'.:i:{‘ 5355;:?’ ........... ] T2 PO e e 1) T ; ST - S N
1\ i

Dzl choppers at
fmd Im

Bochkscottering & m somp ke position
detectors (1687
I mzonple pozition

M detectors
(5 zide)

Detectors at HRPD (ISIS, RAL)
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HRFD — High Resolution Fourier Diffractometer at IBR-2

~ 8,481 20,000

18,400

T

=
CJ E]
C3

R

AN \\\\' , " ”/’,CTaTop ind Chopper F>urier Chopper Guide/Tube
/,
N2

)
— C = \(I)ypbe-npepblBaTenb
— y

y /////l\\§ (poTop u cTaTop),

(GyHKIMSA POy CKAHMSA,
,; A / pick-up curnaJsl.
Y] —
" ANer )

HHHHHHHHHHHHHHHH

!
[
|
\
,
l
‘
1
1
|
|
(
,
1
1
1

- (ISIS) u HRFD (IBR-2)

Yuacrtok cmekrpa Al,O;,
usmepenusldi Ha HRPD

hhhhhhh
ALO,

HRPD, DRAL
L=100 m

\)\ S
L e L A LM A LA S AL S
ALO,
HRFD, FLNP
L=20 m
e U\W campnpienl st b
1.22 1.24 1.26 1.28 1.30 1.32 1.34 1.36 1.38
d, A
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Paspemienne HRFD

T I T T U
Ico520-s

HRFD
La,CuO,

N

W/Np=0.0009

W =6.2

Intensity

6900 6905 6910 6915
TOF channel

e
6920

JAnppakiiuOHHBIA MUK 0T MOHOKPHUCTAJLIIA
La,CuO,, nsmepennbiii Ha HRFD (IBR-2).

Ad/d = 0.0009 npu d =2 A.

TOF width, microsec.

IIpeneabHoe paspenieHue

TOFaudpakromerpa
L s A A T
Ge-powder S00 rpm
100 _ 1
Experimental: ]
y(x)=0.87 + 59.54x
_ 1000 rpm Theoretical:
y(x)=0 + 58.50x
50 A
2000 rpm ]
| 4000 rpm i
6000 velo-G
0 T l:pl? L
0.0 0.5 1.0 1.5 2.0
1/Velocity (1000/rpm)

Has V=11,000 rpm & L=30 m
BpeMeHHast KOMIIOHEHTA (PYHKIUU

paspemenns coctaBut R, = 0.0002.
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TOF high-resolution diffractometer at LPS or CNS type source

Fermi chopper
with 2 slit
packages

choppers

Neutron pulse after fast

chopper At, = (20 — 50) ps \’N

Ad/d = 0.001 for back scattering

1.0x10"%

B.0x10%%

réonfisstr Al

Instantaneous flu [
ra -
=
= Q.

0.0

Magnet (25 T)

4] A00 1000 1500 2000
Time [us]

EXED instrument at
BENSC
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ad/d

Resolution of A=const and TOF powder diffractometers

HRPT _
0.010 T 0,016 -
\.\ \ HI:120°.1.886 A.40'.40'8 mm '
LL HI:90°.1.540 A 40 40'8 mum e
(SN0 ToTC T FE— \}\\ ]
_ %
% 0012 4
0.006 l T o010 —_
= 0,008 —_
0.004 i
0006 -
0,004 _
0.002 i
0,002 H
0000 1 1 1 1 1 1 L 1 1 1 1 1 1 1 L 1 0,000 . : . : i : i : . : . : . :
0 20 40 60 80 100 120 140 160 05 1.0 1.5 20 2.5 0 35 4.0
26 [°] :
HRPT: A = const diffractometer at Resolution for HRFD (IBR-2, JINR)
SINQ neutron source (PSI). and HRPT (SINQ, PSI).
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Normalized intensity

NAC standard (Na,Al,Ca,;F,,) on TOF and A, diffractometers

Al JJH;“L niNmi ‘__‘L

e L L L L L L
0.8 1.0 1.2 1.4 1.6 1.8 2.0 2.2 24

TOF diffractometer HRFD: 20,= 152°,
wavelength range = 1.2 — 7.2 A.

NAC
\\
2

g7

(e

(]

—

(e

]

HRPT
NAC, »=1.886 A

Ml LMM

0.8

L I
1.0 1.2 1.4 1.6 1.8 2.0 22 24

A, diffractometer HRPT: A, = 1.886 A,

range of scattering angles = 10 - 165°.
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ABe cepun (La, ,Pr.),,Cay;MnO; odpa3uos

Intensity (counts)

Intensity (counts)

x=0.75, “New” O-series
1600
& 0.18 (@) |
1200 - (1/2 0 0)+(1/201/2)
AFM -
¢ _
*_
3001 e My _
] 0-16 I\‘ 1
400 1 '
1 -\
4:\0 ]
0] N —
| b) -
T + O-16 ( )_
101)
1200 (
00 ++ (020)
| Ceos + FM
i 00
- o  +
800 6 *, |
] e T4 ]
1 0800 SH+4
400 1 =l
1 0-18 P
: FM suppressed
0 T
0 50 100 150 200

Temperature (K)

No

(e
| L

x=0

12000

(o22]

S

S

[e)
1

4000 -

Intensity (counts)

75, “Old” N-series
0-18 (@) |
(1/200) |
AFM

20000

S

S

S

(e)
|

ensity (counts)

O-18

[e)

50 100 150 200
Temperature (K)




CTpyKTypHBIN aHaau3 ABYyX cepuii oopasuos LPCM-75

Synchrotron diffraction
SLS material beamline, A2=0.9 A

LPCM-75 B 016,290K, SLS
29000 r~rrrrrrrrrrrrrrrrrrrrrrr oottt

25000 |
21000 |
17000 |

13000 [

Intensily (a.1.)
h=d
(=1
(=1
=
T

5000 |

iJ 1 ll;. b

CUL o LEH 1l ||| FUUC DT TUEE DL DO DO OO0 0OREE ORI OB 0 OO OO L 0 ) 3
-3000 | .

1000 [

= | | i ]
7000 LoV ey 1

12 20 28 36 44 52 60 68 76 84 92

26(%

03-22-2004 15:49 X= Y=

R =4%

21000 ————T———
18000 F ]
15000 | .

12000 F 3

Intensity (a.11.)
o)
o
o
S

3000 F

-3000

e H——

9000 - .

Neutron diffraction
HRPT/SINQ dlffractometer, 1=1.9 A

. %h -
"

10 30 50 70 90 110 130 150 170
26 ¢(°)

R, =3.4%
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Ad/d, %

Onpenesienne napamMmeTpoB MUKPOCTPYKTYPbI

Block size, A

0.4 ' I ' I ' I ' I ] peak_W
O-series
Adld=0.22(1)%
0.3 1 L=1800(60) A .
0.2 - -/// -
014 N-series i
MESIA.  — umrricioA
----SLS, 2=0.9 A
O ! I ! I ! I ! I !
0 1 2 3 4 5
d, A
HIupuHBI NMKOB B ABYX CePUAX
oopazunoB LPCM-75

2000 e A
: A : ntm-size- -
1600 P1 ! 8
1 A
] A A : ]
1200 4~ ~ w AT ! 7
18 A A4 : S
800 | ]
. [
400__4*|:I=|*H'|'|'|'+++ I |
| P2 )
v by by b ey
S 16 1 :o\)\,% -
7 . ;
? P2 ! ]
= ] ]
-§ 12 :
k73 ] !
_ | _
2 "1 e |
o 7 |
> 47 | ]
<: : ntm-stress-HRPT_f : Tc (a)
O NI T B R | PR N N T SN T [N S T [ T S
0 50 100 150 200 250 300

gloslSe
Cpeanui pasmep KJIacTepPoOB M BeJIUYHHA

MukpoHanpsi:kenuii B P1 u P2 ¢asax
(Nd;_yThy), sSr;sMnO;, npu y = 0.228.
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OnTumu3zanusa 1uGppaKToOMeTPoOB AJisl HOJUMKPUCTAILIIOB

L BN B LR B DAL DL B
DMC
SINQ
=
‘»
c
3
£
0.0

JAnppaxkromerp BLICOKOIO

paspemenus (Ad/d=0.001).

Huana3on no d,,, ot 0.6 10

3A.

JAunppaxromerp cpeaHero
paspemenus (Ad/d=0.01).
OnTuMHU3HPOBAH HA U3MEpPEHUe
oonbmux d,,, (1o 20 A).

Intensity

ettt

0.8 0.9 1.0 73 1.1 1.2 1.3

6 07 08 09 10 1.1 1.2 13
H(=1/d), A’!
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Resolution, Ad/d

Onrumusanusa 1uppakToMeTpoB no paspemeHuro Ha UbP-2

0.1 1]
7 TOF_Resolut_Con]
DN-2/DN-6
0.01 5 \ _:
] FS\D SKAT/EPSILON
0.001 - \ HRFD .
00001 ------- rrrrrfrrrrfrrrrrrrrrroerrrrr
0 1 2 3 4 5 6 7 8
d, A

HRFD
FSD
DN-2
DN-6
Epsilon
SCAT

MOJUKPUCTAILIIBI
HaNpsizKeHUus
real-time, MmeMOpaHbI
MHUKPO0Opa31bI
HANPSAKEHU s

TEKCTYPbI
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Kommiementapuoctb TOF u A = const iuppakromerpon

N CTPYKTYpPHBIH IKCIIEPUMEHT

A = const Tu(ppakTOMeTp | < l » | TOF nugpaxkromerp

IKCHEPUMEHTAJIbHbIC JAHHBbIC MOJYYAKTCH € Pa3sHbIM BeCOM
IPHA Pa3HbIX NEPeIAHHbIX UMITYJIbCAX.

PyTHHHBIN IKCIIEPUMEHT MOXkKET ObITh ¢ OJJUHAKOBBLIM YCIIEXOM
MpoBeeH HA 000uX TUNAX TU(PPaKTOMETPOB.

HecrangapTHpiii  (NPeMU3MOHHBIA) JKCIEPUMEHT TpedyeT
aJIeKBATHOT0 BbIOOpa Tuna qudpakroMmerpa.

C/I0kHBIN JIKCIEPUMEHT 3a4aCcTyl) Tpe0yeTcd IPOBECTH Ha

o0oux TUnax 1M pPaKTOMETPOB.
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Rutherford Laboratory, ISIS, ENGIN-X

Main parameters:

Primary flight path 50 m
Secondary flight path 1.5 m

Disc choppers 6.4 m and 9.6 m
Resolution ~0.002
Gauge-volume ~1 mm?3

Detectors +/- 90° diffraction banks, ZnS scintillators, 3mm horizontal resolution.
Detector coverage: 20 =76° to 104°

Vertical coverage  +/-21°

Wavelength range 0.5-6A

Incoming collimation - vertical 0.2 - 20 mm
Incoming collimation - horizontal 0.2 -10 mm
Outgoing collimation - horizontal 0.5,1,2,3 or 4 mm
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YcranocTHas gerpaganusi M mpeBpaiieHne ayCTeHUT - MAPTEHCUT
B Hep:xaBeroen craiau Cri18Nil0Ti (AISI 321) (FO.B.Tapan)

IHuxkaupoBanue HA BLICOKOUW 4aCTOTE:

35 158" 19 !

"l
/i
s

» OJIHOOCHOE IIMKJIUPOBAHUE
< q9acToThl 0T S 10 10 I'n

< ammiuryjaa 10 330 MPa

< cpeaHsisg Harpy3ka ~60 MPa

< 9UCJI0 HUKJI0B 61597 (60% ycrajocTn)

RUN 31823 BANK 1{L) Hist 1
Bank |1, 2—T|het0 |90.0, IL—S oylcle 18|1 Obsdl. and Dliff. Prolﬂles | Transverse Axial
ol ] 7
2 : Austenite 500
ol Martensite_; | S s00f
& =
N —
% 300 F Martensite
ol i &
2 =
2 200
5 =
Lor - 2‘ 100 Martensite HCF-LCF-sample no.13
2 L
> Martensite fraction 19%
50 o . . 1 . 1
{Bgl_ | | | | | | | | | L] -2000 0 2000 4000

4 & B 1.4 1.2 1.4 1.8 1.8 2.4 2.2

. o . . _6
D—spacing, A Elastic phase strain [107°]



ILL, Grenoble, SALSA diffractometer

Diffractometer SALSA
e S B ToA of monochromator [°] 65
Neutron Guide Corousel | | anechromaters Wavelength [nm] 0.13734
Collimation |’] 10, 30, open
Flux [n/cm?/s] 2.3 x10°
Detector PSD 30 x 30 cm?

Monochromator Si, 2D focusing 71



BHyTpeHHHE HANIPSIZKEHUS B 00pa3ie KpecTooOpa3zHou
reoMeTpuu mocJe ycrajaocrunou aerpaganuu (FO.B. Tapan)

150

220)-austenite

(
y-component \\

(211) may

100 j e M

Intensity

50 -

150 :
Krest-2
SALSA
Dec 2007
scan 0-A1

100} — — — - men 2 _

Intensity

0 1 1 1
Oﬁpa3ell Kl‘eSt-Z yCTaHOBﬂeH 1.16 117 1.18 1.1(?[.%25 1.26 1.27 1.28 1.29

Ha nudpaxkromerpe SALSA.

IIvxu OT MAPTEHCUTHOH (CJIeBA) U
ayCTEHUTHOHU (cmpasa) (a3 or

Vg = 0.5 mm3, bexp™ 20 to 35 min. oopasua Krest-2.



Neutron powder diffraction. Where are we going on?

Proposals for the third generation neutron sources

IBR-2

Structure complexity > 100 parameters

Scattering Law

Speed:

d-range:

Small sample size:

Large sample size:

total pattern decomposition

reversible AT S SIS
irreversible t,<10s
ultimate t,~0.005 s
03<d,<30A

V<1 mm?

S, > 200 cm? (imaging)

~ 50

(2-35)ps
2-10)s
~ 0.003 s
d . ~60A

~1 mm?3
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HelTPOHHBIN CIEKTPOMETP MAJIOYIJIOBOI0 PacCessHUA

OcHoBHAaA 3a71a4a;

C XapaKTEepPHbIMHU pa3MepamMu >> A

AHAJIN3 TeOMETPUYECKHUX MapaMeTPOB HEOJHOPOAHOCTEMN

OCHOBHBIC TapaMeTPBhI:

IloTok Ha oOpa3ie
NuTtepBana mo Q
1103MIIMOHHBIA 1ETEKTOP
Yposens ¢ona npu Q..

Paszpemenue mo Q

1(9), cm™

ddqgy, (a)

10 4 ﬂaﬁﬁh g e OA
A oy 4 SA
OQMMMAA Ain‘:'

OOCOOOOOOOOO% z Il\D/IAA
o<
S Aaa o LA
ol
[ ]

0.1

0.01

T T T L |
0.1 1

-1
g, nm

SANS curves from magnetite
coated with various acids
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SANS — Small Angle Neutron Scattering

iris for beam collimation prlmg%/pbeam m_

/ Ha
sample

[ ] ] ]

Ko

J— /
velocity selector
(mechanical) =

Qmin - Qmax = 00001 - 0.5 A-l.

L. ~27/Q,
d
L. —L_ =12-6000A




YuMO - small-angle scattering spectrometer (UbP-2)

2N

S

1E-3

IBR-2 reactor 0.1
SANS from diluted solufion of apoferritin
(spherical shell with R = 62 A and R, =41 A).
Two detectors at 11.95 m (red) and 5.27 m
(blue) were used.




MaJioyriioBoe paccesiHue HEUTPOHOB HA MATHUTHBIX YaCTHIAX

worae

IMonsipusoBaHHbIE
HEUTPOHbI U YACTULIBI

Pa30aBJiieHHbIe 00pa3ubl.
Cedenne paccessHUS 1JIs1

MOJAPHU30BAHHBIX HeﬁTpOHOB.

qsind

HeMarauTHbIN
caoii, 1 — 10 A

MarauTHOe SAPO
Caoii cyppakranra, (MarHerut Fe;0,),

10-30 A 20-200 A
d6+ " 2 2 . 2
0 (@)= Fy(q)+{F,,(q)—2F,(q)F,,(q)}sin” ¢
dG_ V//4

——(q) = Fy (@) +{F;(9)+2F(9)F,,(¢)}sin’ ¢

dQ) / \

Snepubiii popM-PpaxkTop MaruutHbiid popM-pakTop



I(g), cm

IlapaMmeTpuueckoe pa3jaejieHue IIEPHOr0 1 MATHUTHOIO
paccestHUS

d-mukiorekcan + Fe,O, + OA d-nukiaorekcan + Fe;O, + MA

0.01 - ‘\‘- ?

1E-3 ~——r— . ———ry

0.1 1
-1

Pa3fejieHHbIe KPUMBBIE MAJIOYIJIOBOIO SIIEPHOI0 U MATHUTHOI'O paccesiHusI.
CiuiomiHbie JJMHUH — ONMACAHME SJAEPHOT0 paccesiHus MOAEJNbIO “SApP0-000/104Ka”

NYHKTHPHBbIE JJUHUU — Ipudanxkenne ['unpe.



Ultra Small Angle Neutron Scattering instruments (USANS)

\de;ctor detector /
JIBYXKpPHUCTAJbHBIN CHEKTPOMETP “

y

split channel cut

JuanasoH no yr.y: 3726227 (1032 0> 105) )‘"
Jluama3oH mo umMnyjabcy: 3-103>q > 3-10-° &1 samples j

XapakTtepHble pazmepbl:  2-103 < L <2-10° A

split channel cut
monochromator

channel cut n
crysial analysor

optical bench

Intensity [au.]
(=
=

—o— N3-1 1750°C G0min

: 1 -0 N3-1 1900°C 80min | R R
sample channel cut crystal = ! :
. monochromator | T T T TTT |i T T T 7T |i T T T 1
. 2 4 5T ) 2 I 2547 . 2 I 4.5
10~ 10 S 107
q[A7]
Bonse — Hart camera at ILL

Scattering from SiC ceramic composite



HeuTpoHHBIN peduiekTOMETP

OcHoBHAaA 3a71a4a;

AHAJIN3 OTKPBITHIX U CKPBITHIX MOBEPXHOCTEN pa3/iesia u

CTPYKTYPbI TOHKHX CJIOCB

1.0E+000 —mrmemmers,

OCHOBHBIC TapaMeTPBhI: :
RP 1.0E-001 - .“r‘\

* IloToxk Ha oOpa3ue : A
1.0E-002 ~ Rt

* I'eomeTpust paccesHus : DAL
1.0E-003 - ELE LY

* Yposenb ¢ona npu Q, .. f |
1.0E-004 7

- Pa3pemeHne 110 Q 0.0040 0.0080 ?(.(3&1210 0.0160 0.0200

OTpaxkeHue 0T MEAHOM IJICHKHU
ToaumHoi 1800 A Ha cTekJe
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HeuTpoHHBIN peduiekTOMETP

OcHoBHan aAJbTCPHATHBA — IT'COMCECTPHUSA 3CPKAJIBHOI0 OTPA’KCHUSA

"° =

2

I'opuzoHTaILHAA reoMeTpus BeprukanbHas reomerpus
CkaHupoBaHue: BpauieHue oopasua, CkanupoBanue: HaKJI0H K,
10 IJINHE BOJIHbI. 10 IJINHE BOJIHbI.
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With GISANS towards Complete Reflectometry

Q, Off-specular scattering T/

A~ ol <t Q
Q, GISANS T,

Z
Y
Depth sensitivity Specular reflection Q,
Different length scale Off-specular scattering Q.
Different lateral direction GISANS Qy

(Qp Q,, Q,): complete reflectometry ‘l




Off-specular scattering map for uncorrelated domains
in multilayer

Off-specular scattering map from uncorrelated 5 pm domains in
4 0[Cr(:?»O)Co(40)Fe(Z?»O)Cr(30)]80Cr(600)MgO multilayer.

1.000
0.2512

3.5-
3.0-
25-
2.0-
15-
104
0.5-
ool

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0

o, degree

0.06310
0.01585
0.003981
1E-3

2.512E-4
6.31E-5

1.585E-5
3.981E-6

1E-6

o  degree




Magnetic off-specular neutron
scattering from
[Cr(12A)/*"Fe(68A)]x12 /Al,O,
multilayer

Antiferromagenetic coupling

Scattering angle, rad

0.04

0.035

0.03 T

=
=3
N
W

O rad
o
k=3
)

=]
=)
O
—

—

Scattering angle, rad

0.01 T i

Intensity map of specular and off-specular P10 I =
scattering from the Fe/Cr multilayer and Neutron wavelength, A
result of the supermatrix calculations with

¢ § V.Lauter-Pasyuk, H.Lauter, B.Toperver
the model of non-collinear domains. Y PEMVErR 4

et al., 2004



Yt1o B Poccun?

I. PHII KM, MockBa
HNP-8, 1981, 8 MBT

II. ITUSAD, I'aTunHa
BBP-M, 1959, 16 M BT

III. U®OM, ExaTepunoypr
NBB-2M, 1983, 15 MBT

IV. ®XHU, O0HuHCK
BBP-11, 1964, 13 MBT

V. OUSIU, Ny6ua
UBP-2M, 2010, 2 MBT

2 nugp., 1 MYPH
A = const

3 nu¢p., 2 MYPH
A = const

4 nugp., 1 MYPH
A = const

2 nudp.
A = const

6 nudp., 1 MYPH, 2 ped.ekr.
TOF-meTon

VI. IIUK, IIUA®D, I'atunna, 100 MBT
VII. UH-0.6, UAD, Tpouuk, SNS, ~0.03 MBT
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Neutron spectrometers on the IBR-2M reactor

cOLp

dﬁj"—-__ijﬁk ﬁ(/; .\\\! 2

& Diffraction (6):
. . HRFD, DN-2, SKAT, EPSILON,
FSD, DN-6
73\8’“\7*
& 1
?bM KOLHIDA S ANS ( 2):

YuMO, SANS-C

Reflectometry (3):
REMUR, REFLEX, GRAINS

Inelastic scattering (2):
NERA, DIN

IZOMER %
g;% %

FSD SANS-C

12

b 13 spectrometers (5 new)
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High Resolution Fourier Diffractometer (HRFD)




DN-6 diffractometer for micro-samples and high-pressure studies

& /@:- /
Chopper Neutron guide
Actual state

Sample

Ring-shape detectors

Resolution: optimal for high-pressure studies
Intensity: one of the best in the world
Pressure: up to 7 GPa in sapphire anvils

4
Ring-shape multi-element

ZnS(Ag)/SLiF detector

Could be

/

Intensity: 25 times better than now

Pressure: 20-30 GPa in natural diamond or mussonite

/

1. Detector array

2. Neutron guide
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Project EPSILON/SKAT:

Spokesman from JINR:

Spokesman from Germany:

Investigation of strain/stress and texture

on geological samples (cost is around 10° Eu)

Dr. Ch. Scheffziik
Dr. habil. A. Frischbutter

Collaboration:

= GeoForschungsZentrum Potsdam
= University of Freiburg
= PNPI, Gatchina

ooooooo
.......

EPSILON-MDS
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GRAINS: complete reflectometry at the IBR-2M reactor

FLNP (JINR), BMBF (Germany), PNPI (Gatchina)

Parameters:

Resolution: optimal, oA/A = (0.3 — 7)%, angular = (1 — 10)%
Q-range: optimal, (0.002 — 0.3) A!

Intensity: one of the best in the world

Modes:
Cost estimate = 1050 KEUR
* Reflectometry in vertical plane, Contributions:
e Off-specular scattering, - Germany, Hungary,
 GISANS with polarized neutrons. - Romania, external.
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A new reflectometer GRAINS at the IBR-2M reactor

Moderator Reactor shielding wall 1
GRAINS

/ GRAINS channel
.,-*"“ / l channel If
I’ ‘,r"ﬂ/rmg coridor / Reactor shielding wall 2
| ) Choper

Adjusting Slits
A
// /

s Vacuum box

Nonpolarizer mirror

Polarizer mirror
with magnefic system

) Sample Unit with

’ Mirror deflector — Aptivibration table
~75, '
/ "ﬁ’

-/ Vacvum Tube

Analyzer

Main feature: vertical scattering plane — studies of liquid media
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Small-angle neutron TOF spectrometer with polarized
neutrons (SANS-P) at beam-line 10

24,000 11,000
18,000

Bender Chopper
Collimation
system

Sample cartridge 2D detector

Main features:

 TOF mode

 Polarized and non-polarized neutron beam
e Larmor precession of neutron spin

~1385 k$




Jlekiua okondena. Cracu00 3a BHUMAaHHeE.
Kakue 0yayT Bonpocsi?

Mo:xHo Bonpoc?

J/la, KoHeuHo.

1 He nmoHs1I, Koraa B Poccuu nosaBaATcst
COBpPEMEHHbIC¢ HEUTPOHHbIC HCTOYHMKHU U
COBPEMEHHbIE CIIEKTPOMETPHI YIIPYIroro

paccesiHuUSI.

IIpocTuTE, HO 3TO HE BOIPOC, 3TO YTBEP: KIEHHUE.
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REMUR - spectrometer with polarized neutrons (IBR-2)

PSD
I APF

4450

. /‘A

500

D2 sF 1

CS

40x40

19300

18800

(0-150)x180

——

4900

200x100 mm?*

/T

800

/40x4

10x100

/10x100

20500

e A S
MI /- =il j 1

800PR2/ PR 1/ I! I S
[10x40 \ 2200 | | @200
10x100
>
<« »

24500

A

26200

29000




Real-time qudpakuus na UbP-2.

Pesxum 01HOT0 MMIyJIbCA.

40 e T AR T R T

W
(e
1

Intensity per 0.2 sec
[\
(e
|

—_
(e
M

2) |

10000 T T R

8000 4 (211)
6000

4000

Intensity per 1 min

(200)

(110)

T
70 90 110

0+ LELILELL LR N L B LI L LN R B R LI L B
130
Channel number

T
170

Mo powder measured in
1 min (1) and 0.2 sec (2).

Source

Sample

At=506-L-d-cosO-AO

At =300 pus
for AO = 1°

Detectors
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TenaoBoe IBMKEHHUE aTOMOB

p,(x) =X 0(x —nT)) ® p,(x) ~ exp(-x%/26,%) | —> | p(x) = X exp[-(x — nT )*/2¢ ?)

f,(6) =X 85— KT - £,(§) = exp(-E*/20.%) | —>| f(§) = exp(-C*/20.*)'X 8(E - k/T,)

£, = exp(-8/26.7) ™,

| Zf | X W, =1/2aW,)

// TemioBoe ABUKEHHNE He YIIMPHACT

AMPPaKIUOHHBbIC MTUKH!
TemyioBoe ABUKEeHHE MPUBOAUT K

MOAYJISIIMY MHTEHCHUBHOCTH!

SR
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