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2. Introduction to Neutron Scattering

2.1. Essence of a neutron scattering experiment (Reminder)

Fundamental principle of a neutron scattering experiment
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2. Introduction to Neutron Scattering

2.2. Basic properties of neutrons – What are the basic properties?
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2. Introduction to Neutron Scattering

2.2. Basic properties of neutrons – Wavelength and interactions

Interaction with matter
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2. Introduction to Neutron Scattering

2.2. Basic properties of neutrons – Wavelength and interactions
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Why Neutrons ?!

Versatile tool for condensed matter physics

Crystallography

Magnetism & SCESMaterials 
research

Soft Matter
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2. Introduction to Neutron Scattering

2.3. How are neutrons generated? Spallation and Reactors

Spallation source  - Pulsed (mostly) Reactor source – continuous

Thermal fission of U235 2.5 neutrons
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2. Introduction to Neutron Scattering

2.3. How are neutrons generated? Thermal fission at reactor sources

Fission spectrum of 235U
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2. Introduction to Neutron Scattering

2.3. How are neutrons generated? Example FRM II 

Schematic Principle

Moderator tank (D2O)

Control rod
(Hafnium)

Pool (H2O)

Containment

Emergency 
shutdown rods
(Hafnium)

Beamtubes

Fuel element

Cooling water channel

Cooling circuit

Neutron extraction

Storage pool

Exp. hall

Earthquake gap
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2. Introduction to Neutron Scattering

2.3. How are neutrons generated? Example FRM II, some numbers 

Fuel element (1.3m length, 0.24m diameter)

Control rod

Cooling water channels

8.1kg 253U, 92% Enrichment, USi
 

20MW Thermal power
 

60 Days burn-up

300kg/s cooling water throughput
 

37°C inlet, 53°C outlet
 

Neutron flux 8*1014n/cm2s

Fuel in Al-Matrix

Compact core desing....why?
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2. Introduction to Neutron Scattering

2.3. How are neutrons generated? Other concepts

„Pulsed bomb“ concept, IBR-2 reactor, Dubna, Russia
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2. Introduction to Neutron Scattering

2.3. How are neutrons generated? Overview over active sources 
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2. Introduction to Neutron Scattering

2.3. How are neutrons generated? Overview over active sources 

High flux 
reactor (HFR)
Grenoble (Fr)

Pulsed reactor
IBR-2

Dubna (Ru)

Spallation source 
ISIS

Chilton (UK)

European 
spallation source 

ESS (project)
Hg-Target

H2O moderator

FRM II
TU-Munich

Garching

Peak flux (cm-2s-1) 1.2⋅ 1015 2⋅ 1016 4.5⋅ 1015 ≅ 3.6⋅ 1016 6.4⋅ 1014

Aver. flux (cm-2s-1) 1.2⋅ 1015 2⋅ 1013 7⋅ 1012 ≅ 1.2⋅ 1015 6.4⋅ 1014

Pulse repet. rate (s-1) NA 5 50 14 NA

Pulse duration (µ s) NA 250 30 2860 NA

Power (MW) 57 2 0.2 5 20
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2. Introduction to Neutron Scattering

2.3. How are neutrons generated? Comparison to X-Ray sources

x-ray tube

bending-
magnets

wigglers

year
1900 1940 1980 2020

103
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106

109

1012

1015

1018

1021

1024

rotating anode

1027

third generation

undula-
tors

first generation

second generation

candle

lamp

sun

FRM II

103

106

109

1012

Cray 1

Cray T90

The brilliance of x-ray sources since their discovery in 1895

LINAC driven sources
(forth generation)

Neutrons
Photons
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2. Introduction to Neutron Scattering

2.4. Neutron (Re-)Moderation: Secondary sources

Cold source (liquid D2, 22K) Hot source (graphite, 2000K)
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2. Introduction to Neutron Scattering

2.4. Neutron (Re-)Moderation: Secondary sources

Typical spectra (@ FRM II)
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2. Introduction to Neutron Scattering

2.5. Detecting Neutrons – disadvantage of being neutral

Gaseous counters (3He) Scintillation detectors (Gd, 6Li, 10B)

Fission chamber (235U)

3He+n       T + p + 0.765MeV 

6Li+n       T + 4He + 4.78MeV 

Used as beam monitor
Used with CCD or 
photomulitplier
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2. Introduction to Neutron Scattering

2.6. Overview on neutron instrumentation (part I)

Powder diffraction (SPODI @ MLZ)
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2. Introduction to Neutron Scattering

2.6. Overview on neutron instrumentation (part I)

Single X-tal diffraction (HEIDI @ MLZ)

Laue method: Bragg Brentano method:
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2. Introduction to Neutron Scattering

2.6. Overview on neutron instrumentation (part I)

Reflectometry (NREX @ MLZ)
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2. Introduction to Neutron Scattering

2.6. Overview on neutron instrumentation (part I)

Small angle neutron scattering (SANS-1@ MLZ)
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