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 Relationship between structure and property

WG 5YTE)

« Why neutrons: neutron characteristics and neutron scattering

(At ATRETT: T TRASP TR

« Coupling between lattice, orbital and spin in manganites studied by
neutron scattering

(BRENDF mHE . PUEN B FeAH B B Ui 5R)

« Target Station of spallation neutron sources

(B + TIR)






5 G-ll’ﬂllf-SE-sﬂﬂﬂﬂEm DF SCIENCES qn | E ﬁ%l qn % ‘;JE

YRR EM R R
o DNANUBHESH: HTEWE oo

of DNA
Taken by |
Rosalind
Franklin in

19534 Watson and CrickiE 3L 7 DNARY XY 12
RSB ZEMY, FEF 1958412 H T kM),

James Watson and Francis Crick




i sﬂﬂlﬂfgﬂﬂﬂfﬂ Y OF SCIENCES ':Fl E ﬁ %’] ':Fl % ‘;JE

MR GE R EV BRTE
AR D> AR ) 0

|

AR AL
YE A

|
kA
FHH

LA )
jﬁo}i})ﬁ: B, od. k. RERARHM




CHINESE ACADEMY OF SCIENCES I:FI E Eﬂ %‘] I:FI % ‘;JE

TG S A T S T B P A
BT KT 4

10° | iR BT o o Ja

102l [T T 747 '
- - b *
- | At i
_4 :
ap 10| _

L
= 10° - 14 iz
@ ' '

8
=10 1Ko 1igs
= 10" - , -
10"+ 15179

PN R AL
17 el

10 10° 10° 10" 2
2% 18] (m) log




Cscﬁgﬂﬂﬂﬂﬂ OFSCIENCES ':F E Eﬂ %‘] I:F % ‘;JE

outline

Why neutrons: neutron characteristics and neutron scattering

(At ATRETT: T TRASP TR
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When the neutrons
collide with atoms inthe
sam ple material, thay
change direction (are
scatterad) = elastic
scatt erim g.

Resaarch reactor
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3-axis spectrometer with ~
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Crystal that sorts and

iy Atoms in a f'.?\*’“ . ;ﬁ :"? ¢I
S crystalline sacanpla %Xﬁ-xof’. A
- s, L e L

Changes inthe

enargy of the

neutrons are first

analysad in an

analysar crystal...
F

Detactors record the directions
of the neutrons and a diffraction
pattern is obtainead.

The pattern shows the
positions of the at oms relative
to one anocther.

forwards neutrons of Vi - &
a certain wavelength
{energy) = mono-
chromatized neutrons

When the neutrons *
penet rate the sampla y

Crystal that sorts and
forwards neutrons of
a cartain wavelangth
{energy) = mono-
chromatized nautrons

. UREN—ROEE R

they start or cancal
oscillations in the
atoms. If the neutrons
create phonons or
magnons they
themselves lose the
energy these absorb

= inelastic scattering

—and the neutrons
then counted in a
detector.

March19, 2010
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« Coupling between lattice, orbital and spin in manganites studied by
neutron scattering

(BRENDF mHE . PUEN B FeAH B B Ui 5R)
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Coupling between lattice, orbital and spin
In manganites studied by neutron scattering

Collaborators:

LLB, France : LPCES/Univ. Paris Sud, France:
A. Gukasov M. Apostu

F. Moussa R. Suryanarayanan

M. Hennion A. Revcolevschi

B. Anighoefer
IOP/CAS, China:

Lunhua He
Zhaohua Cheng
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® Introduction to CMR manganites

— Structure, CMR effect, interplay between the degrees of freedom,
application of neutron scattering

® Coupling demonstrated by neutron scattering
— Magnetic properties of (La, ,Pryg),,Sr; sMn,0O- single crystal
— Lattice and spin by neutron diffraction

— Charge and spin by inelastic and diffusion neutron diffraction

— Orbital and spin by polarized neutron diffraction
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Ruddlesen-Poper-typr Perovskite Manganites and CMR

(La,Sr)pn. 1Mn,0
n+ -Mn-
1Y n~3n+1 5 125000 | ~ La-Ga-Mn-O Film
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Colossal Magnetoresistance
Metal insulator transition

®

o

® Jahn-Teller effect
n: the number of connected layers _

® Phase separation

o

®

(From A. P. Ramirez, J. Phys.:Condens.Matter 39, (1997) 8171)

of vertex-sharing MnOg octahedra _
n=1: (La,Sr),MnO, Charge ordering

n=2: (La,Sr);Mn,0, Orbital ordering
n=o0: (La,Sr)Mn0O, o
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Interplay between the degrees of freedom
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G. Khalillin and R. Kilan, Phys. Rev. B 61 3494 (2001)
P. Khomskii and K. Kupel, Phys. Rev. B 67 134%01 (2003)

3z2-r2 x2-y2 & 3z2-r2 x2-y2

Tokura et al. Science 288, 462(2000))
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Neutron scattering for Interplay between the degrees of freedom

® Competition and co-operation between lattice, charge, spin
and orbital of Mn-ion 3d electrons.

® Energies of those degrees of freedom are comparable.

® Ground state is easily tuned by environment, such as
chemical doping, temperature, pressure, field and so on,
leading richness of physical phenomena.

Neutron diffraction: Charge _ _ _
magnetic structure Polarized _Neutror_l lefrqctlon:
Inelastic neutron scattering: magnetic density, orbital occupancy
magnons, exchange interaction
SANS/diffuse scattering: Y.
magnetic phase segregation \erb"ﬁl
Neutron diffraction:
M % ‘ crystallographic structure
- — — - Inelastic neutron scattering:
Spln e 2 Iattlce phonons, bonding forceg

Diffusion scattering:
polaron
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Bilayer RP manganites: typical system studied

® 2D characteristics: strong anisotropy
® Similar physical phenomena: CMR, MIT, PS, CO, OO...
® Twin-free single crystal

(Lao 4Pro 6)1 Zsrl 8Mn207

Temperature (K]
@® A-cation
B06 I a5 230133 4353320013333
Magnetic Field (T) Magnetic Field (T)

l. Gorion et al., Phis. Rev. B 64, i2001i 092408
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Crystallographic and magnetic structures
Two different ferromagnetic states induced by the field applied in or
perpendicular to the ab-plane:
® Magnetic moments are aligned to the direction of the applied field.
® Different critical fields for the transition para- to ferromagnetism.

® Different saturation magnetization due to ordering of Pr moment.
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Interplay between spin and lattice

site atom  variable  FIFM(ab) FIFM(c) 02 ——.—%@ o @
40(00z)  Sr2 Z 0.3175(1)  0.3144(6) Z‘;‘ e, =
e (s ) 2.8(3) o g masueic
1e[00z)  Mu Z 0.0968(2) 0.0062(7) or —g— ¥ g moments
(i ) 3.29(6) 3.4(1) R :T>
4e(00z) 02 z 0.1973(1)  0.2008(6) el -
8g(01/22) 03 z 0.09590(8)  0.0957(2) )‘;b. ° o
R e (%) 670 6.0 a Ay =1.026(2)
e 10.2 16.7 H//C
No. of observed reflections 212 146 o i o
e 2 o
dnm-01(A) 1.951(4)  1.94(1) PR G
drrn-02(A) 2025(5)  2.10(2) P
Oin_03(A) TO3772)  1.937(2) o ye
/M — 03— Mn(°) 178.9(3)  179.5(7) €gelm G
At 1.026(2)  1.043(6) ’1. o
@ l @

='drin-01 T drineo2)/2d0 - PM: — 1.028(3
A jr=dym-o01 Mn-02)/2d\n-03 Ayt (3) A= 10436
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Interplay between spin and lattice: Pressure effect

H // (100) H/f (001) |/|O — (1—T/TC)ZBZ
W I=mky 168 IE S0 P = 0 kbar: T.=33.9(2) K; B =0.37(2)

,f::; K —m— 0 kbar

= R = P =3 kbar: T.=39.6(4) K; B =0.24(1)
e Vi e
5 (@) T=20K| & Decrease of B: 3D = 2D, weakness of
S W S interlayer super-exchange interaction. JLJ
o ¥ /] = Increase of T.: Strength of intralayer
5 £ ° double exchange interaction. J//T
i (f) . T=5K| B
£ E 10 I - | - T
= 1 o = : ]
f 4 w‘-"‘-"“"l“;ﬁ-ﬂﬁ' N - 08 -
W s A ' ]
o 2 4 6 8 5 0.8 | 0.6
H (T) S 06} 04
® Decreases the critical field of PM-FM & 04l = 0kbar
transition %‘) | e 3kbar
® Narrows the hysteresis loop § 0'2_'
® Broadens the field transition region = 00{gmsy  pooomse

Pressure facilitates FIFM state in both cases 0 20 40 60 80

I —— I
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Phase transition and phase separation: Spin vs Charge

6
5[ H=5T//[001] ]
- (g,00), T= 28K )
al ° (9,,9,,0), T= 28K | %
(9,,9,,0), T=208 K g
E | E= EO+Dq | g_,
‘U'J’ 2 E_=0.85(2) meV |
- D=148(2)meVA*
1 T 0 | ] | |CJ | | ]
800 004 008 012 016 020
q (A7)
1) Spin wave: FIFM at low
temperature
i) Spin gap: 2D-anisotropy i) Insulated State (H=0T) :
iii) Same dispersion: isotropy in (0.2, -0.2,0) diffuse scattering: Electron ordering
the plane Cluster size ~ 20A
iv) D ~ 148 meVAZ; i) Metallic State(H =5T):
metallic state No diffuse scattering : Electron order melting
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Interplay between spin and orbital: polarized neutron diffraction

3.5 I o ' (é) 1 e (6) Data set H=65T]| ab H=35T|¢
3.0 HI110] - MNo. of observ. 205 174
L « H=65T Spherical model: two variables
2.5 H=50T | X1 7.42 544
—_ 3 R, 6.1 322
= 20 - Mn (ps + pr)o) 3.32(2) 2.9(1)
o - Mn pr{ja) - — 0.38(5) —0.6(2)
= 1.5 i Spherical model: four variables
T I ¥ 7.42 10.9
1.0 J R, 6.0 13.2
- Mn (g5 + pr)jo) 332(2) 2.0(1)
0.5 i Mn g (ja) —0.38(5) —0.6(2)
- S5 Sr2 (ps + pr o) 0.00(2) 0.48(2)
0.9l o . . . PR Sr2 pp{ja) —0.01(2) 0.77(4)
.0 0.2 0.4 0.6 0.0 0.2 0.4 0.6 0.8 Multipole model
. - . _— ¥ 4.20 5.68
sino/i (A7) sine/i (A7) R, 43 8.8
(b)H I ¢ Mn ¥oq(jo) 3.36(3) 3.12(5)
HLC H/C Mn Yaq(ja) 0.03(2) 0.01(5)
. o o ! o Mn ¥oq: (i) —0.18(9) —0.35(6)
o @ _". * = e foo Mn ¥yo(js) —0.50(7)) 0.1(1)
o —emEtie A s Mn e 1 {jn) ~0.48(4) ~0.58(7)
o R S iy Sr2 (s + . )jo) e 0.50(3)
o o e C et Sr2 py(a) N e 0.77(4)
ar . o, o o, e 01 Yooljo) = 77 0.15(2) —0.3(1)
Se2 1.° ° * ! ° 02 Yoy {jp) 0.03(2) -0.2(1)
© Asr=1.026(2) A= 1.043(6) 03 Ym{_fn} _{]_.[-_.5“} 0.05(5)
o 3ap Ee iyt F Orbital occupancies from multipole model (%)
Canice. AN <++‘ - Mod. 14(3) 9(4)
P — =\ .. Mnd;._ » 11(3) 2004)
' \f;u e Mn d,, 23(3) 30(4)
320 44% Xyt 56% 32071 69% iyl 31% Mn d., try 52(3) 414
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 Relationship between structure and property
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e Why neutrons: neutron characteristics and neutron scattering

(AT ATEFT: FTHERESTTEH)

e Coupling between lattice, orbital and spin in manganites studied by
neutron scattering

(BRENDF mHE . PUEN B FeAH B4R B T BU i 5R)

e Target Station of spallation neutron sources

(B + TIR)
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Neutron Source Design

» Neutron scattering instruments can be designed to work in continuous mode
or in time of flight mode. (' FHUN S LA AT RIFRR)

* There is no one instrument that can cover most of the Q-w space with
sufficient resolution and flexibility. (fFAa] 1A GELERT 5 150 HER T 78 w6 4 2
11Q-w= (1))

* Instruments have varying requirements with respect to spectral properties

and time structure. (£ Brill &= 1) 1 35 AN TR 25440, 3% 00 A A R 75 2K)

« This is why instrument and source designers have come to interact ever
more closely in conceiving new systems (not so in the early days of reactor

development). (WU AR B THE S PR RS TR SE)

PS‘SS:>|PO (S ‘::>|PO’:(>|SD‘DP

—  How far should one go in this philosophy?

Prlmary A ASASAS AN A |+ ) ] 11IAJ W bample and 1 11IAJ W Ulu 1Ll Data-
source  source space space detector processin
sample

operators environment  oPerators
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Neutron Yield of Different Nuclear Reactions

Nuclear process Example Neutron yield | Heat release
(MeV/n)

D-T in solid target 400 keV deuterons on 4*10 n/d 10 000
TinTi

Deuteron stripping 40 MeV deuterons on 7*10° n/d 3 500
liquid Li

Nuclear photo effect 100 MeV e  on #*®U 5¥10° n/e’ 2 000

from e’-bremsstrahlung

°Be (d,n) °Be 15 MeV d on Be 1 n/d 1 000

°Be (p,n;p,pn) 11 MeV p on Be 5¥10° n/p 2 000

Nuclear fission fission of “**U by 1n/fission 180
thermal neutrons

Nuclear evaporation 800 MeV p+ on #**U 27 nlp 55

(spallation) on Pb 17 n/p 30
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Visualisation of the Spallation and Fission Processes

= Cascade

__particle ¢ *Spallation

@ Proton
O Neutron

Intra nuclear <
~ cascade /

% e no chain reaction

B .- _rln't_éjr-_-n_ucilear'_ o :
i cascade | e pulsed operation
particle . s

2 e 35 neutrons/proton

e ~45 MeV/neutron

*Fission
 Fission « chain reaction

e continuous flow

i e * 1 neutron/fission

. '-S'pl_itti'ng_!of. the excited nucleus -

e 180 Mev/neutron
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Why spallation neutron sources?
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SNS Target System

Core Vessel
water cooled
shielding

Neutron

beam flight
paths

Outer
Reflector
Plug
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Neutron Spectra from Different Nuclear Reactions

1 ? ] T T 1T T TTTIT T ] T I | TT
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Spallation neutron yield and angular distribution
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Choice of proton and its energy

Arguments for higher

proton energy:
Neutron Production by Protons on Easier to accelerate to
Lead higher energy than to
20 35 Increase current (in
S 60 | Y(E)= 32,5%(Ean)’™ - 8.2 pd 20 2 particular with circular
= 50 ~ . accelerators)
$ / // o 0 S
= 40 7 / — 20 £8  No Bragg peak above 600
£ 30 15 5 &
5 / ” / 3= Mev
E 20 I Y(E) 10 © ; . .
T yd —Y(E)E . 2 Radiation damage in
" 0 / . target and window
0 05 1 15 2 25 3 35 m_aterlals scales roughly
with number of protons
Proton Energy (GeV) : :
per unit area, not with

beam power.
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Target Material and Shape

Cylindrical (¢ cm, L cm)

(16.23, 60), (12.36, 60) Rectangular (W x H x L cm?)
(14 x9.88 x60), (24 x 6.44 x 60)

100 H 1 1 I 1 1 1 1 I 1 1 T 1 4 T T T T
Proton beam

(uniform i
distiribution) £

o
[=]

roton beam shape

ylindrical (¢ cm) 13.23, 9.36
ectangular (W xHcm®) 10x6.88, 20 x 3.44

227
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E 0.02 NS ¢ 12.36 cm(Hg) -
= ¢ 12.36 cm(Pb-Bi)]
E i
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D 1 a 3 4 Z U_-Illl|II||||||||IIII|IJ.JI-
Proton Energy (GeV) 0 10 20 30 40 50

Distance from incident surface (cm)
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Neutron Moderation
Moderation of neutrons occurs by collisions with moderator atoms

In each collision a constant fraction of the energy is lost

“Logarithmic enprgy decrement: Ais the atomic

& = InE,-InE, = 1liorA=1 number of the
1z 2/(A+2/3) for A>1 moderator atom

Number of collisions x required to slow down from energy E, to E;
X = 1/E*In(E,/E) for = E, 2MeV and E;= 1 eV: x =14.5/¢

Parameter Element ]
H D Be C O Hg Pb

A 1 2 9,01 {12,01| 16 | 200,6 | 207,19

o, (102* cm?) 20,51 | 3,40 | 6,18 | 4,73 | 3,75 | 26,53 | 11,01

p (g/cm3) ) 0,07 (0,263| 1,85 | 2,3 | 1,13 | 1355 | 11,3

%, = N*o; (cm?) | 0,86 | 0,17 | 0,76 | 0,55 | 0,16 | 1,08 0,36

&£ 1,000 | 0,725 0,206 | 0,158 | 0,120 | 0,010 | 0,010

1x(2MeV->1eV) 14,5 | 20,0 | 70,3 | 92,0 | 121,0|1460,1 | 1507,9 |
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Neutron Reflector

« Similar physical procedure to moderation of neutrons, i.e.
reflection occurs by collisions with moderator atoms

 Requirements:
» Large scattering density
» Large-angle scattering: larger mass than that of a neutron
» Large energy loss to shorten the slowing-down time: not too

larger mass
p(gem-3) Mol mass | 6 ((102®2m?) | No ((cm?) | §
H20 1.0 18.01 44.4 1.485 0.925
polyethylene | 0.918 14.01 45.3 1.765 0.913
D20 1.1 20.03 10.5 0.347 0.505
Be 1.85 9.013 6.1 0.754 0.206
Graphite 1.6 12.01 4.7 0.377 0.158
Fe 7.86 55.847 11.5 0.930 0.035




Csl:%gmmmmms :F EIE&%%:F '?";E

PR EAMS

i PETECTOR gcattering function:
SOURCE SOLID ANG LE%TTERED
_ AQ NEUTRONS 2
(kg,9p)
I p - d°o

= o« S(Q,E)

il

S(Q, )—N%I Z< p QR0 'QR(t)>e—lEt/hdt

INCIDENT SAMPLE TRANSMITTED

NEUTRONS NEUTRONS d Q d E

d o
dQdE

C = nch[ )AQAE

1(QE) = [|R(Q-Q",E-E)S(Q, E)dQ'dE’

BT HRRBITRENDEZT R : RN ESIEEB N,
%%%@ﬁwﬁﬁ%ﬁﬁﬁ FEMERZNE. RRR= M2+ T/
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Basic components of TOF spectrometer

o 55 (Chopper) : XARYTKES. PFEES RS
NEFES . BIREESH0 ﬁli%%

P55

SIS

FIRBXEFNDITARS

EEzs

1o D]JC'D
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VULCAN (SNS)

Moderator
Core Vessel, Shutter,
and Bulk Shield Inserts ~ Curved
/ Guide
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Schematic instrument layout at pulse source

cample

spallatior

KON
" .
= 0LUCe k. \@

detector array

sample
Mtl
spallation ’O M )
3 A 3]
SoLrge I'? chopper! . Ay g
monochromator =
Cletector array
Uina ,};'(‘E] sample
Epallmm"_'s -
source A,
# }'-1 1 }“2
analysers

deteclors @ A,
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TOF data collection

Detector
150
{Rb H(Se0,),/ SO0 K A
INEAT /2, =62 A
k, A, E | angle group 18
7 1004 Q=186 A"
Sample §: 5“:
“-A A IA A IA | : , ;
-0.2 -0,1 0,0 0,1 0,2
energy transfer [meV]
Q= -k  Wavevector transfer
| ho = — E; Energy transfer

- ki|= k|  “Inelastic” scattering 1(Q, )
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Parameters | Phase | | Phase Il | PHASEIII
s0Tcrale  B€aM power on target (kW) 100 200 500
Usergab \
No.1 Instrument Hall or-ehergy on target (GeV) 1.6
Walkway <l SYAverage beam current (uA) | 62.5 125
“ ' A\ \ |s§'e%/|§%f\E‘?%n rate (Hz) 25
\ Equip. Passage
| ° -~ Basement 1arget 1; Tungsten lor 2
Target Station Hall — \)
—AuxiModerators:q 3; LH2(C), LH2(DP), H20(D )
Platform —— . —
> --E.H_H_ﬁ__Beflector Be
AV\J 307 Beam ports 20
P - Paspdgtitron instruments 3 20
Gas Room No.2 hstrulR9se gontrol in hall (uSv/h) 2.5
HeIiumComf;ressor Room Operation (hrs/yr) 5000
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*

Engineering PND 7/

Target Cooling System / # High resolution PND

Low energy DG spectrometer

/ ,°
Long wavelength PND

Neutron physics

Spin echo spectrometer

eV Spectrometer/image

Liquid reflectometer

Multipurpose reflectomeE

High pressure PND / Cold neutron image

High Resolution DG spectrometer Proton beam @ngle dlffracto@

(PND: Powder Neutron Diffractometer; RG/DG: Reversal/Direct Geometry)

Single crystal diffractometer

Low Energy RG spectrometer?” /

Moderator:

= == =« D+P, LH2 C,LH2 = =« =« D, Water
(20K) (20K) (300K)
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HE]

Moderator decoupled water
moderator (300 K)
Bandwidth(A)) 4.5 A

Max. Beam Size

Neutror] Count

40(h) X 20(w) mm

Flux at sample position

~107 n/cm?/s

Best Resolution(Ad/d)

0.2 % at 260=150°

Horizeptal Dplrprtinp( r‘m)l

n !
o
L B |

Resolution (%6)

Guide Taper focus, m=3
Source to sample distance L1 30m
Sample- 20=150° 1.5m
detector 260=90° 2.0m
distance L, 20=15° 3.8m
g Neutron Guides Sample

Detectors Beamstop

l

Distance(m)

TR

0.0 05 1.0

r T r T r
A -
—a— 20=15°,1.2=382m,25cm &

—eo— 20=00°, L2=20m, 1.25cm &
—=— 20=150°, L2=15m, 1.25cm &

o/l:
I/

1 " 1 " 1 " 1
05 10 15 20
d-spacing (&)
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41 GPa ,Jc, ey h
8 2.2 GPa Jf’\\ g
- 3 0Pa e
%2 ~ 218 igevi i e
8 £ | 20GPa " RAH-l -
S o E MH-1I
= = £ |11ep see 0 *
= < £ [116GPa
2 —
o
%)
-
s T T
E 25 T as
= A
< S Methane and
~ : 47, .
< Ny S hydrogen in
o : - I D
Q P
R RS £ & gE ( clathrate hydrate
5 & s £\ § © £
£ $ & sy £ £
@ 1.8- - s & \ § =
- 9(0 ;'? ;S) 5 W ©
174 &~ A .t\"' 5 ]{IJ]_L I l.-ulul C_U
. | Iowldensi!ty phase :J T l'. 5
0 400 800 1200 5
Total Anneal Time (minutes) )

C. ATulk et al., Science 297, 1320 (2002) J. . Loveday et al., Nature 410, 661 (2001);
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HERRTFIR

Moderator Coupled liquid H2 (20 K)
Bandwidth (AL) 6 A
Guide Bender+Sraight+Taper
40 X 60 — 20 X 30 mm?
Source to sample distance L1  [19.5m
Sample to detector distance L2 |2 m
Sample table 6-axis movements
Polarizer/analyzer Supermirror type
Detector 2D position-sensitive detector
N \ Position resolution: 2 mm
\ Focused guide
Moderator Bender \ Straight guicCi)e25 . Sample
1 | — -N__SlT__EteEr
;l\Choppers II/_III . gfoe:om
Target shielding Pre-shielding Polanzer Spm thper Analyzer
| | | | | | )
0 3 6 10 17 19.5 21.5
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GMR Multilayer
Hydrogen Loading
of Fe/Nb Multilayers

o
S

T

= A
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Gonductar
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g g £ 2
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f=}

Z
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(=]

!

' 100-1000 0a
— ——

. p— — — Pd
— ——
— 2 — Nb
— i —

Fe
Nb

Fe

AFM

Modification of the
exchange coupling
via hydrogen absorption

Exchange coupling energy:
J ~ Sln (2 kF th) / thZ

F. Klose et al., PRL. 78 (1997) 1150; S. Langride et al. PRL 85, 4964 (2000); V. Lauter-Pasyuk et al., PRL 89, 167203 (2002);
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Moderator Coupled hydrogen
(20K)

Moderator to  sample{14 m

distance

Sample to detector distance [5m

Detector
Effective area 50 X 50 cm?
Resolution 1 cm (FWHM)
Distance to sample 1~5m

Working wavelength range |0.4-8 A

g range 0.004-3.4 Al

Target Pre-Shielding

Beamline shielding

:

Faatatate
Faatatate
Faatatate
Fathtatestid

Collimator Monitor  TO Chopper slit

Chopper

i
: S S
% SRR
Nlonitar /g Sample

Scattering Chamber

51
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Neutron scattering provides lower-
resolution information on the shapes and )
arrangements of these subunits in solution.

~30% proteins are
membrane proteins,

difficult to Crysta”ize R. Gilardi et al., Phys. Rev. Lett. 88, 217003 (2002).

SANS diffraction patterns of the
vortex lattice in La,; g3Sr, ;7CUO,.
As the applied field is increased,
the vortex lattice changes from
The enzyme CAM kinase |1 and hexagonal (left) to square (right)
its activator protein calmodulin coordination
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® Five CSNS User Meetings/Workshops on Application of Spallation
Neutron Source have been held since 2004

— User Committee has been set up
— discuss and review the design of 3 instruments for CSNS
phase-1 project

— a better understanding of special needs from the potential
users

® CSNS started to support some users for training at foreign neutron
sources in 2005.

® User Meeting 2010 will be held in December 6-8, at Zhuhai,
Guangdong.
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SRS

« D: Democracy « D: Dynamics

« S: Science e S: Structure

« PRC e PRC
People’s Republic of Property Research of
China matter Condensed matter

BERD Yok |
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PR EAMS

Radius of nuclear force: 1012 ~ 1013 cm
Wavelength of neutron: 10 cm
Atomic distance in sample: >10%cm
: . 27h?
Fermi potential:  U()=—_—bd(r-R)
m do B b2
U(Q)=be" dQ

a spherical symmetry

b: the scattering length, a property only of the nucleus of the the scattering
atom and its spin state.

d’c
scattering function: dOdE oc S(Q, E)
i < —IQR(O) iQ-Ry (t) \—iEt/%
$(Q, )_szhj Z< R
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