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How did I get here?

• Start: Small Appalachia coal mining town.

• PHD: WVU in Physics (2001)

• DOE Neutron PostDoc stationed at Rutherford 
Appleton Lab. Oxfordshire UK

• Transitioned to instrument scientist (2004)

• Moved to ORNL (2015) 
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Work Flow
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Idea / Problem
Experiment 

and Analysis
Scientific Understanding
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Why use neutron
reflection?

Start with building intuition.

Science examples to motivate.

Math & physics description.

Reading the tea leaves.

Nuts & bolts.
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Reflections Come in Many Types
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Perfect reflections
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Reflections Come in Many Types

6

Imperfect reflections
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Reflections Come in Many Types
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Reflections from an imperfect surface with structure
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Reflections Come in Many Types
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Reflections with some dispersion 
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Reflections Come in Many Types
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Reflections from curved objects 
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Reflections Come in Many Types
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Reflections where below surface features are visible
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Spin 1/2 

Convenient energies, speeds, 
wavelength

Great complement to x-ray and other 
large facility measurements (slow 
muons)

Great complement to lab based imaging 
& magnetic measurements

Why use neutron 
reflection
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Why use neutron reflection
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Biology

Soft Matter

Superconductors

Multiferroics

Magnetism Physics 2, 20 (2009)

Langmuir 2013, 29, 

13735−13742
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Data Examples
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Ferroelectrics

Magnetism

Superconductors

Biology

Soft Matter
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Experimental Geometry
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Experimental Geometry
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Reminder: solving Schrodinger’s Eq.
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How to Read a Specular Reflectivity Curve

Total reflection region:

Ability to normalize

to a common scale.

Position of the turn over:

average chemical and

magnetic composition

Spacing is related 

to the total film thickness

Superlattice Peaks :

Superlattice spacing.

Ratio of peak intensities 

can be related to roughness 

in the layers.
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Experimental Geometry
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Experimental Geometry
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Z

Qx(1/A)

𝑸𝒙 =
𝟐 𝝅

𝝀
𝒄𝒐𝒔 𝜽𝒓 − 𝒄𝒐𝒔𝜽𝒊

𝑸𝒛 =
𝟐 𝝅

𝝀
𝒔𝒊𝒏 𝜽𝒓 + 𝒔𝒊𝒏 𝜽𝒊
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How to read the tea leaves.
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Co/Cu 
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Co/Ru
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Fe/Cr on a jagged substrate
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Instrument: BL4A RefM
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Driving the instrument
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Driving the instrument
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Experiment length estimate

• Polarized Beam
• No Polarization Analysis
• Sample size: 1cm x 1cm
• Errorbar at Q max: ΔI/I ~ 20%
• No rebinning
• Normalized Slit Settings

𝑡 = 6000 𝑄𝑧_𝑚𝑎𝑥
1.2

where t is time in min. and 
Qz_max is in 1/Å
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Sample environment & polarization handling

Sample Environments

Polarization Capability

Fan analyzer In situ 3He Analyzer RF FlipperIncident polarizer:
reflection or 
transmission V-Cavity

Room temperature 
sample changer Displex: 5K to 750K, E-

field +/- 200V, 360 axial 
rotation

Electromagnet:
50mm gap, 
Hmax=1.15T
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MAG-H is part of the solution! (We have this 
part already.)

Specularly reflected beam

Transmitted beam

Two open (hollow) bores.  Magnet does not produce scattering.
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Top Loading Cryostat
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To achieve the goal of performing high 

pressure reflectometry on beamline 4A, 

certain engineering constraints had to be 

considered.

• Capability of reaching ≥ 2 GPa

• Low neutron absorption

• Low thermal contraction

• Good thermal conduction

• Accessible temperatures (20-400 K)

• Polarized neutron compatible

Sample Size
5 x 5 mm2

Copper Beryllium

Ultra large volume pressure cell
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Thermal Gradient Cell

Prep work before the PNR experiment
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Spin Seebeck Effect

GGG YIG 1 YIG 2 Pt
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Fitting Options

Refl1d. (NIST, DANSE. project).   reflectometry.org

SimulReflec: http://www-llb.cea.fr/prism/programs/programs.html

Parratt: http://www.hmi.de/bensc/instrumentation/instrumente/v6/refl/parratt_en.htm

IMD:  http://www.rxollc.com/idl/

BornAgain:  http://bornagainproject.org

MotoFit: http://motofit.sourceforge.net/wiki/index.php/Main_Page

GenX: http://genx.sourceforge.net/

http://reflectometry.org
http://www-llb.cea.fr/prism/programs/programs.html
http://www-llb.cea.fr/prism/programs/programs.html
http://www-llb.cea.fr/prism/programs/programs.html
http://www.rxollc.com/idl/
http://bornagainproject.org/
http://motofit.sourceforge.net/wiki/index.php/Main_Page
http://genx.sourceforge.net/
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Simple fitting example Al2O3/Ni/Gr/Air

70 emu/cc
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Fitting process: Defining the layered structure

# Materials

BFO  = SLD(name='BFO' , rho=4.400, irho=0.0)

LSMO = SLD(name='LSMO', rho=3.400, irho=0.0)

STO  = SLD(name='STO' , rho=3.54, irho=0.0)

bilayer =(LSMO(16.0,1,magnetism=Magnetism(rhoM=0.1,

thetaM=90, interface_above=1, 

interface_below=1)) | 

BFO(83.0,1,magnetism=Magnetism(rhoM=0.6,

thetaM=90,interface_above=1,

interface_below=1)) ) 

sample = (STO(0,5)

|bilayer

|bilayer

|bilayer

|bilayer

|bilayer

|bilayer

|bilayer

|bilayer

|bilayer

|bilayer

|  air)
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Fitting process: Adding fitting parameters

# Fitting parameters

sample['LSMO'].thickness.range(0,100)  #

sample['BFO'].thickness.range(0,200)  # 

sample['STO'].interface.range(0,30)# 

sample['LSMO'].interface.range(0,5)

sample['BFO'].interface.range(0,5)# 

sample['STO'].material.rho.range(0,9)# 

sample['LSMO'].material.rho.range(0,9)# 

sample['BFO'].material.rho.range(0,10)# 

sample['LSMO'].magnetism.rhoM.range(-10.1,10.6) #  

sample['BFO'].magnetism.rhoM.range(-10.1,10.5) # 
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Fitting process: The results
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Summary

• Basics of Neutron Reflectivity

• Origins in Schrodinger's Eq.

• How to read Reflectivity Curves

• Instrument Walkthrough

• Driving, and time estimates

• Sample environment options

• Fitting Examples and options



Refl1d – Webview





Refl1D in a python notebook
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