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Neutron sources:
  Reactor (CW) and Spallation (TOF)

235U
Reactor

Small Δλ used, but source on all the time 
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Each pulse of neutrons 
contains a broad 
spectrum of energy (λ)

Pulse of neutrons 
~60 times per 
second

Wavelength (λ) Wavelength (λ)

Select 
neutrons

Select 
neutrons
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A typical TOF diffractometer (SNS)A typical CW diffractometer (HFIR)

Resolution 
depends on 
moderator and 
t,L, and 2θ

λ = 2d sin θ

λ = h/mv = ht/mLDe Broglie wavelength: 

Single 
wavelength 

Monochromator: 
• selects λ.

• Control resolution. 

2θmono

Detector 
at 2θ 
measures 
single Q

Q range limit is 
4π/λ

λ = 2d sin θ = constant * t

Detector 
at 2θ 
measures 
multiple Q

Moderator

Multiple 
wavelengths 

Chopper

Q range 
determined by 
λmin, λmax and 
2θ

SAMPLE

SAMPLE

Bragg’s law:

Reactor Target
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A typical TOF diffractometer (POWGEN, SNS)A typical CW diffractometer (HB-2A, HFIR)

Versatile: open sample space and compact Larger, more detector coverage

Resolution: best resolution ∆d/d: 1x10-4

Dependent on wavelengths and d

Ge(hkl) λ  (Å) Q (Å-1) Flux at sample 
(n/cm2s)   

(113) 2.41 0.2 - 5.1 5 x 106

(115) 1.54 0.35 - 7.9 1 x 107

(117) 1.12 0.5 - 10.9 4 x 106

Resolution: 
best resolution ∆d/d: 1x10-3

Dependent on wavelengths and d

1m
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POWGEN Virtual Tour
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POWGEN : High Resolution Powder Diffractometer

“characterization of the 

crystal, magnetic and 

local structure of novel 

polycrystalline materials”
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POWGEN : High Resolution Powder Diffractometer
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POWGEN : High Resolution Powder Diffractometer
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POWGEN : High Resolution Powder Diffractometer

POWGEN Team

Cheng Li, Alicia Manjόn Sanz, Melanie Kirkham, 
Qiang Zhang, Thomas Proffen



11

POWGEN : High Resolution Powder Diffractometer

Resolution: best resolution ∆d/d: 1x10-4

Dependent on wavelengths and d

Intensity vs TOF (NOT 2theta!)

𝜆 =
ℎ𝑡

𝑚𝐿
= 2𝑑 sin𝜃

𝑡. 𝑜. 𝑓. = 𝑑
2𝑚𝐿

ℎ
sin𝜃

Known from calibration, C
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POWGEN Peak Profile

“Convolution of back-to-back exponential with linear 
combination of Gaussian and Lorentzian (pseudo-Voigt)”

𝛼 : rise coefficient of exponential 
– sharpness of leading TOF edge (larger = sharper)

𝛽 : decay coefficient of exponential 
– sharpness of trailing TOF edge

𝜎 : Gaussian contribution (larger = broader)

𝛾 : Lorentzian contribution (larger = broader)

R. B. Von Dreele et al., J. Appl. Cryst. 15, 581-589 (1982)
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Magnetoelectricity 
in Co-based 
collinear AFM

Xianghan Xu,     Bob Cava,    Qiang Zhang

X. Xu et al., Nature Communications 14, 8034 (2023)

TN ~ 20 K
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Magnetoelectricity 
in Co-based 
collinear AFM

Xianghan Xu,     Bob Cava,    Qiang Zhang

X. Xu et al., Nature Communications 14, 8034 (2023)

TN ~ 20 K



1515

We will need…

Data

(40 K, 8 K)

CIF

Inst. 
Resolution 
File
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Plot the data
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Plot the data

Data is a 3-column file: 
TOF, Intensity, Intensity Error
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Plot the data
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Fit background
1

2
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Fit background
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Fit background
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Getting started with Fullprof
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Select working directory
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Edit FP Dimensions

Change to large number because POWGEN can detect large number of peaks
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Using the PCR Editor
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Importing CIF
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Importing CIF

1

2

Occ = site multiplicity / general multiplicity

Site 6c
Gen. multiplicity = 18



28

Building PCR File
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Building PCR File
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Building PCR File
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Building PCR File

8

7

1

9

2



32

Building PCR File
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Building PCR File
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Building PCR File
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Building PCR File
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Building PCR File
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Building PCR File
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Building PCR File
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Refine the nuclear structure
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Refine the nuclear structure – Import background file
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Refine the nuclear structure – Import background file
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Refine scale & lattice parameters
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Run refinement
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Refine peak shape parameters
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4

5

2

Lorentz function mainly represents the broadening 
of the peak shape from the sample
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Run refinement
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Refine atomic positions
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Run refinement
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Refine isotropic thermal parameters
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3

4
2

Make sure you check the results! 
Sometimes B refines negative, which 
is not physical.
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Run refinement

Make sure you check the results! 
Sometimes B refines negative, 
which is not physical.
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Save refinement as & refine nuclear structure at 8 K
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Save refinement as & refine nuclear structure at 8 K
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Refine nuclear structure at 8 K
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Refine nuclear structure at 8 K

1

2

Only refine lattice parameters – keep 
scale & peak shape parameters fixed
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Refine nuclear structure at 8 K

1 2

3

4

Can also refine atomic positions and 
thermal parameters
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Refine nuclear structure at 8 K
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Refine nuclear structure at 8 K

1
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Identify magnetic peaks for k-search
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Identify magnetic peaks for k-search
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Identify magnetic peaks for k-search

Zoom in on a magnetic peak 
and left click in the center – 
repeat for clear magnetic peaks 
(not too many though!)
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Save magnetic peaks for k-search

1

2

3



61

K-search results: k = (0,0,0)



62

Input into SARAh 
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SARAh Results
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SARAh Results

From magnetic 
susceptibility, Γ2 is the 
most likely solution
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SARAh Refine – Download 𝚪𝟏 and 𝚪𝟐

1

2
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Input SARAh output into 8 K Nuclear .pcr

Insert SARAh output phase .pcr text HERE

Open 8 K Nuclear .pcr file, change number of 
phases (Nph) to 2, and copy & paste SARAh 
output under Phase 1 (but before 2Th1/TOF1 line) 

1 2



67

Copy profile parameters from nuclear phase

Copy & paste nuclear (Phase 1) 
profile parameters into 
magnetic phase (Phase 2)



68

Reload pcr file & open refinement tab
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Refinement now has 2 phases 
(Phase 1: Nuclear, Phase 2: Magnetic)
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Refine C2 mixing coefficient

1

2



71

Run magnetic refinement at 8 K
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Look at results with Fullprof Studio

Phase 1

Phase 2
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Look at results with Fullprof Studio

Check that this 
value makes sense!!

1

2
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Look at Fullprof Summary file

𝑚𝑗 = ෍

𝜈,𝑘

𝐶𝜈
𝑘𝜓𝑖,𝜈

𝑘  𝑒−2𝜋𝑖𝑘∙Ԧ𝑡𝑖𝑗

𝑚𝐶𝑜1
= 1.3733 196 ∗

0
0
3

=
0
0

4.12(6)
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PAUSE before we switch to Magnetic Space Groups
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Alternative description of magnetic structure using MSGs
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Input CIF & identify magnetic ion
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Maximal magnetic space groups & constraints
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Save mCIF & Visualize structure

1
3

2
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Convert mCIF to PCR

1

2 3

4
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Open PCR file that we just saved
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Replace atomic data in 8 K fit (and save as)

REPLACE
COPY
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Load MSG PCR

1

2
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Refine Mz component

1
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Copy Thermal parameters & refine Mz
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Run refinement
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Results agree with SARAh refinement
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Further information
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