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What do we need to do neutron scattering?

• Neutron Source – produces neutrons
• Diffractometer or Spectrometer

– Allows neutrons to interact with sample
– Sorts out discrete wavelengths by monochromator (reactor) or by time of 

flight (pulse source)
– Detectors pick up neutrons scattered from sample

• Analysis methods to determine material properties
• Brain power to interpret results



Sources of neutrons for scattering

• Nuclear Reactor
– Neutrons produced from fission of 

235U
– Fission spectrum neutrons 

moderated to  thermal energies 
(e.g. with D2 0)

– Continuous source – no time 
structure

– Common neutron energies -- 3.5 
meV < E < 200 meV



Pulse sources – time structure and wide energy spectrum

• Proton accelerator and heavy 
metal target (e.g., W or U)

– Neutrons produced by 
spallation

– Higher energy neutrons 
moderated to thermal energies

– Neutrons come in pulses (e.g. 
20 Hz at LANSCE)

– Wider range of incident neutron 
energies

Lujan  Neutron 
Scattering Center

WNR
Facility

Proton 
Radiography

800 MeV Proton Linear 
Accelerator

Isotope Production
Facility

Proton Storage 
Ring



Neutron scattering machines

• Spectrometers or diffractometers
– typically live in a beam room or 

guide hall
– are heavily shielded to keep 

background low and protect us
– Receive the neutrons from the 

target (or reactor)
– Correlate data with specific neutron 

wavelengths by time of flight
– Accommodate sample 

environments (high/low 
temperature, magnetic fields, 
pressure apparatus)



User instruments span general purpose and specialized 
categories

• Diffraction instruments
– Atomic and magnetic structures – 

polycrystalline and single crystal form

• Inelastic instruments
– Dispersive and non-dispersive excitations
– Magnetic modes (magnons or crystal field 

excitations)
– Phonon modes and density of states

• Special purpose instruments
– Neutron reflectivity (depth profile of order 

parameters)
– Small angle scattering (bridge between 

atomic and macro-dimensional structures)
– Neutron applications to engineering 

problems

• Sample environments enable science 



Sample environments – key to modern experiments

• Extremes of temperature
– Low (cryostats)

» conventional closed cycle refrigerators [Joule 
expansion cycles]  (4K and up)

» He cryostats (1.2 K [pumped] and up)
» He3-He4 dilution refrigerators (20 mK and up)

– High (furnaces)
» Conventional (up to 1200 C)
» Special purpose (up to 3000 C)

• Magnetic fields on samples
– Fe-core magnets (up to about 3T)
– Superconducting magnets (typical – 9T; special 

[finicky] – 18T)
• High Pressure

– Fluid cells (He or liquid) [up to 1.4 GPA (14 kbar) 
– Anvil presses (up to 40 GPa)

• Other specialized environments – sheer cells, 
Langmuir troughs, etc.
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National User Facilities

Have sample, will travel
Where do I go to get neutrons?



High-Flux
Isotope 
Reactor

Spallation Neutron 
Source (first neutrons in 
May 2006 -- operational 

instruments in 2007)
(1400 kW)

Intense 
Pulsed 
Neutron 
Source
(7 kw)

Manuel Lujan Jr. 
Neutron Scattering 

Center
(100 kW)

National User National User 
FacilitiesFacilities
HFIR 1966 HFIR 1966 
NCNR 1969  NCNR 1969  
IPNS 1981IPNS 1981--20082008
Lujan 1985 Lujan 1985 
SNS 2006 SNS 2006 

Local/Regional Local/Regional 
FacilitiesFacilities
(University (University 
Reactors)Reactors)
MITMIT
MissouriMissouri
……

NIST Center NIST Center 
for Neutron for Neutron 
ResearchResearch

There are five four National User Facilities 
for neutron scattering in the US
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US Neutron Source Support
• DOE operates 3 out of 4 of the Major Neutron 

Sources (and supports fuel for university reactors)
• DOC/NIST operates the only fully internationally 

competitive neutron facility (NCNR) with the 
largest user base (cold neutrons) 

• NSF, NIH, and  DOD support current neutron 
beam research mostly by supporting university 
research
– EXCEPTIONS:  NSF funds the Center for High Resolution 

Neutron Scattering (CHRNS) at NIST, and has supported some 
construction of instruments at LANSCE, HFIR, IPNS and MURR) 
and may fund an instrument suite at the SNS.  NIH has funded a 
reflectometer at NCNR.
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World View of Neutron Scattering Facilities

The number of neutron scattering instruments available in the U.S. now and in the future will be less 
than half that available in Western Europe and less than available in Japan.  On a per capita basis the 
United States has half the neutron scattering capacity of either Western Europe or Japan – and this 
shortfall is unlikely to change for the forseeable future
---- Ref. Report on the Status and Needs of Major Neutron Scattering Facilities and Instruments in the United States, 
June 2002
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Center for Neutron 
Research

NIST Center for Neutron Research 
(NCNR)

A Comprehensive Neutron User Facility

• 20 MW Heavy-Water-Moderated REACTOR

• A Cold Neutron Source and Guide Hall

• Current Total -- 17 Thermal and Cold Neutron    
Instruments

• Developing 2nd guide hall – Amer. Compet. Init.
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Reactor Hall Instruments

MACS*

NG-0

NG-1-7

USANS

FANS-I 
FANS-II

3-axis 
(polarized)

HRPD

3-axis
DARTS

Existing 3-axis
New 3-axis*

* Under 
Development

Center for Neutron 
Research
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NCNR Guide Hall Instruments

30-m SANS-I

DCSSPINS NSE

FCS
Fund. Phys.

30-m SANS-II
Interfer.

Back Scat.8-m SANSRefl.-I

Refl.-II
PGAA

10 Cold-Neutron Scattering Instruments
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New Guide Hall Initiative 
5 additional instruments
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New source: additional D2 O acts as 
a neutron reflector. LH2 thicker near 
source. Inner ellipsoid evacuated.new

old

The NCNR Advanced Cold Neutron Source

D2 O

LH2
vapor H2 

Overall gain: 40 % at 2.4 Å to slightly more than 100 % 
for λ

 
> 15 Å.  Excellent agreement with MCNP.
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High Flux Isotope Reactor
••Oak Ridge, TennesseeOak Ridge, Tennessee
••BES, Department of EnergyBES, Department of Energy
••Started Operation:1966Started Operation:1966
••85 MW Light Water Reactor85 MW Light Water Reactor
••Peak Core Neutron Flux Peak Core Neutron Flux 

–– 12 x 1012 x 101414 /cm/cm22ss
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HFIR Neutron Scattering Upgrade

• Beam tubes enlarged to 6”
– New monochromator dums
– Focussing optics

• Cluster of 4 instruments at HB-2
– Powder diffractometer –
– Triple axis spectrometer
– Wide angle diffractometer
– Residual stress spectrometer

• High-brightness cold source
installed at HB-4 (guide hall)
– 2 SANS (40m, 35m; flux gain x 100)
– Cold triple axis spectrometer

• Schedule
– Rx restarted May 2007 following cold source installation
– Cold guide hall instruments – currently being completed
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User Facilities at LANSCE: Los Alamos Neutron Science Center

Visitor Center

H+/H- Sources
WNR

Lujan Center

800 MeV Linac
Proton Rad.

Proton Storage Ring

Lujan CenterLujan Center
••BES/NNSA, Department of EnergyBES/NNSA, Department of Energy
••Started Operation:1985Started Operation:1985
••85 kW Spallation Source (LANSCE)85 kW Spallation Source (LANSCE)
••Peak Flux Peak Flux –– 30 x 1030 x 101414 /cm/cm22ss
••Cold SourceCold Source
••11 Instruments11 Instruments
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Rapid growth 
in number 
and versatility 
of instruments 
has occurred 
in the last 
decade

Moderators (FPs)
H2 O decoupled high resolution (1,2,16)

H2 O decoupled high intensity (3-8)

liq-H2 partially coupled (9-11)

liq-H2 coupled (12-13)

H2 O coupled (14-15)

2004

1997

Lujan has has 17 flight paths, 11 of which 
have neutron scattering instruments
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Instruments by functional categories

Pair Distribution 
Function

High Intensity Powder

Residual Stress

High Pressure Environ.

Reflectometers 
Soft Matter 
Polarized Beam

Small Angle 

Protein 
Crystallography

Single Crystal

Vibrational 
Spectroscopy

Inelastic 
Scattering

Future High 
Resolution 
Inelastic
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NRU Reactor – Chalk River, CA
• 125 MW heavy water reactor – Large Core, peak thermal flux of 

3x1014, initial operation in 1957
• Seven beam tubes dedicated to neutron instruments

– DualSpec
• C2, High Resolution Powder Diffractometer
• C5, Polarized Beam Triple-Axis Spectrometer

/Reflectometer
– D3 – Reflectometer
– E3 – Materials Science Diffractometer
– L3 – Strain-Scanning Spectrometer
– N5 – Triple-axis Spectrometer
– T3 – Bioscience Diffractometer

• Neutron Scattering Program Funded/Operated by National Research 
Council of Canada
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SPALLATION NEUTRON SOURCE

• First neutron production scheduled for June 2006

• Started with 3 (soon  to be 10) instruments
• Capacity for a total of 24 instruments
• Accommodate 2000 users/year at full operation

April 28, 2006 
2:04 p.m.
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Procedure for Obtaining Time on 
Spectrometers

• Make contact with and discuss proposed experiments with instrument 
scientist at facility

• Go to facility web site and access proposal form – complete by deadline 
(caution:  usually only 2 per year!)

• Approval (declination) received within about 6 weeks
• Fine tune schedule with instrument scientist (if necessary)
• Complete radiation training module and access approvals in advance of 

visit  (each lab has different procedures).
• If using ancillary equipment, make sure sample dimensions are correct, etc.
• Arrange travel and housing for visit (partial travel assistance may be 

available for fist-time visitors or students.)
• Arrive at facility in advance of allocated time  to set up experiment
• Apply for more time for next series of experiments (max. about 2 – 3 

visits/year)
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ReportsReports

Neutron Source Upgrades and Specifications for SNS (1996)
Research Reactor Upgrades, Robert Birgeneau, Chair
Spallation Neutron Source Upgrades, Gabriel Aeppli, Chair
Technical Specifications for the Next Generation Spallation Source, Thomas Russell, 
Chair

Review of the High Flux Isotope Reactor Upgrade and User Program (October, 
1998; Jack Crow, Chair)
Neutron Scattering (February, 2000; Martin Blume, Chair) 
http://www.sc.doe.gov/production/bes/BESAC/neutronrpt.pdf
Review of IPNS/LANSCE (March, 2001; Ward Plummer, Chair)
Report on the Status and Needs of Major Neutron Scattering 
Facilities and Instruments in the United States (June 2002; Patrick 
Gallagher, Chair) http://www.ostp.gov/html/NeutronIWGReport.pdf

http://www.sc.doe.gov/production/bes/BESAC/neutronrpt.pdf
http://www.ostp.gov/html/NeutronIWGReport.pdf
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• Neutron Scattering Society of America (NSSA) [on-line 
or mail-in membership form]
– http://www.neutronscattering.org
– Announcements of meetings, workshops, etc. 
– Links to major neutron facilities  

• Oak Ridge Spallation Neutron Source (SNS) and High 
Flux Isotope Reactor (HFIR)
– http://neutrons.ornl.gov/ 

• NIST Center for Neutron Research (NCNR)
– http://www.ncnr.nist.gov/ 

• Los Alamos Lujan Neutron Scattering Center (LANSCE 
)
– http://lansce.lanl.gov/ 

• NRU Chalk River
– http://neutron.nrc.ca/intro.html

Information on North American National Neutron 
Scattering Facilities
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