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55‘3:5373” Neutron Instruments | & II

A Overview of source characteristics
ABraggods Law
A Elastic scattering: diffractometers

I Continuous sources
I Pulsed sources

Alnelastic scattering: spectrometers
I Continuous sources
I Pulsed sources

ATransmitted beam: imaging
A Fundamental physics
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Neutrons vs Light

light neutrons
o~ <E€m < nm
E > eV > meV
n 1Y 4 0.9997Y 1.0001
d. 90° e
0 /(:p q 1019 p./cmzlster/s 1014 n/cm?/ster/s
(60W lightbulb) (60MW reactor)
P left-right up-down
spin 1 Yo
Interaction electromagnetic strong force,
magnetic
charge 0 0
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Neutron Moderators
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Peak brightness: ILL & ISIS: cold-source brightness
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Pulsedsource time structures

cold neutrons
log(Intensity)
A
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gggm Pulsedsource time structure

Intensity

a=1A

a=2A

time (¢s
: ( )=>

0 100 200
300

Oxford School of Neutron Scattering, 7/9/2011 Ken Andersen




Neutron gulde hall
ILL 22

! | Distribution by Guides
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e Distribution by Guides

Neutron transport by total internal reflection
~ 100m at present sources
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Reflecting Surfaces

incident - reflected
Hp\)/ critical angle of total
) reflection d,
/ refracted
no<l1

cosd_=n'/n=n"

for natural Ni,
Na b

n' = 1_2—’ Fj dc . Nb/ ° dC:a{A]xO.l"

cosd_~1-d’ /2]
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e Distribution by Guides

Neutron transport by total internal reflection
~ 100m at present sources
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i Focusing

SPALLATION
SOURCE

guide ~ 100 samples < 1

CZEss cm?
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Braggos Lawv

SPALLATION
SOURCE
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SOURCE
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Diffractometers

SPALLATION
SOURCE

‘A Measure structure (d-spacings)
A Assume k.=k;
A Measure k. or k; :
I Bragg diffraction
I Time-of-flight
I Velocity selection
A Samples:
I Crystals
I Powders

I Liquids
I Large molecules or structures
I Surfaces
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- Powder diffractometers

SPALLATION
SOURCE

A Measure crystal structure
A Large single crystals rarely available

Polycryst
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SOURCE

m Time-of- fllght method

distance ) : , | |
A RAMAMNL A A b VLY W WA A
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time
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Graphite 002

- Crystal Monochromators
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«.. Monochromator Focusing
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Neutron Guide
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_Powder Diffraction at a Cts Source

SPALLATION
SOURCE
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SPALLATION

2:::::':5“" Powder Diffraction

A Determining the structure

I Rietveld refinement . d
. . -.“o? "N*\\.‘ “wl ¢’
A Measuring strain %80
» @ & o8

i Engineering applications %...
o

B

(
»
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- DIffuse Scattering
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—~«Resolution In diffraction
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~Mosaic-crystal Monochromators
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SOURCE
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SPALLATION

Ime-of-flight Resolution

A — (0 > (9 °
d = — 44 ° = Ydas| +] a0
| 25sin ¢ oA o0
distance
h 4 4t[ms
A=— AA] S el
mv v[m/ms] L[m]
L A+l
oA = 4 At[ms]
L[m]
> <« o ‘ time
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=] IMEe-0f-flight Resolution

SPALLATION
SOURCE

distance To Improve resolution, |
4 Ancrease the length: long guides
Anove to a different moderator

> <« o3 time
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ggzﬁﬁ.&8|ngle Crystal Diffraction
A Availability of large (~mm?) crystal
A No loss of information from powder average

A Direct and unambiguous structural determination
I Complex structures

¢ rotation

incident X-ray

-

beam

7 ~ 7
diffracted [~ J counter

bheam

) "'H rotation
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| aue Diffraction

A White-beam method

A No prior knowledge of k; or k;

Peak position depends
only on angle of crystal
plane,

not on d-spacing

Good for crystal
orientation, and looking
for odd reflections

(B10 &gy (110

- -

(120
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® ® 9¥120)
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| aue Diffraction
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SOURCE
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o Lo Single-Crystal with TOF

A TOF determination of k;, k
A Large solid-angle coverage
I Lower flux than Laue




SOURCE

§:,,mp,g,ngSmaII-Angle Scattering
N

anomaterials

Semiconductors Protein conformation Drug-targeting
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SOURCE

" ™ = Small-Angle Scattering

Probing the longest length A = 2d sin ¢
scales available to neutrons 2
= d =
Monochromator Sample Detector 2sin
p o \
Collimator O % o
— 6
d IO \
O
o d 2d

4-20 A 5-3000 A 0.1-20°
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SOURCE

Small-angle scattering

A Access to smallest angles: remove direct beam
A Good collimation required
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SPALLATION
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Small-angle scattering

Access to smallest angles: remove direct beam
A Good collimation required

Soller collimator
—

Pin-holes separated by distance

v
Vv N\

5cm <30m 5cm >0.1°
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Continuous-source SANS

SPALLATION
A SOURCE
“ Velocity selector Neutron guides Sample Detector
(Monochromator) (Collimators) (position sensitive]
ny
Neutron guides
(Collimators)  Diaphragms Evacuated fube (40m)

op de-a 10%
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- COontinuous-source SANS

SPALLATION
SOURCE

. _ 4 4 AgY: (A2N2 (AGY
d = _ i N = | p ¥ . + |
2sin ¢ 20 d i 2
Direct beam spot ~ 10% of detector size
t qu/d>10%

p a 10%
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Reflectometry

Reflection from surfaces and interfaces

g
Q/
Specular: d =d, ,—1—> Depth profile of the
Off-specular: di,| dy, scattering-length density

Ken Andersen

Oxford School of Neutron Scattering, 7/9/2011




SOURCE

™) = Specular reflectometry

Monochromatic

afixed |

| | d fixed
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SPALLATION
colpre

- SpPecular reflectometry

2 m

Horizontal sample geometry
all samples (including liquids)

Vertical sample geometry
solid samples, e.g. magnetic
straightforward to vary d
straightforward to build

/\
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--Off-specular reflectometry

SPALLATION
SOURCE

Replace single detector
with position-sensitive
detector

Measure in-plane
correlations

oz Flipper on
Ut +10)

0.175 T
8in

3.45
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Neutron Instruments |: Summary

SOURCE

A Neutron sources
I Very weak: neutrons are precious
I Pulsed and continuous
A Instrument components & concepts
I Time-of-flight method
I Guides
I Monochromators
A Elastic scattering: diffractometers

I Powder diffractometers: single-peak,
Laue, TOF

I SANS
I Reflectometers: specular & off-specular
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Neutron Instruments | & I
A Overview of source characteristics
ABraggos Law

A Elastic scattering: diffractometers
| Continuous sources
| Pulsed sources

A lnelastic scattering: spectrometers
I Continuous sources
I Pulsed sources

ATransmitted beam: imaging
A Fundamental physics
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Neutron Spectroscopy

A Excitations: vibrations and other movements
A Structural knowledge is prerequisite
I Measure diffraction first
Ak 1 k
A Measure k. and k; :
I Bragg diffraction
I Time-of-flight
I Resonant absorption
I Larmor precession
A Methods
I FixkiandscankiT hdi rect geometry
I Fixkcandscank;T ni ndi rect geomet
AEnergy scales: <seV Y e¥
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