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Motivation
Problem         Method

simple magnetic structures 
and large magnetic moments

complex magnetic structures 
and/or small magnetic moments

spin density maps  
and non-spherical models

complex magnetic structures,  
cs separation and chiralities

separate nuclear/magnetic scattering 
and directional information

powder diffraction
single-crystal 

diffraction

flipping ratio 
method

spherical neutron 
polarimetry

longitudinal  
polarization 

analysis
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Motivation
Problem         Method

Complexity scale
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Magnetic structures
Powder diffraction
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Result: Diffraction pattern
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Useful information lies in the 

‣ position  

‣ the intensity 

‣ the shape and width 

of the reflections.

Powder diffraction

Magnetic structures

Downsides: 

‣ not always easy to find q 

‣ superposition of peaks 

‣ magnetic equivalents not 
equivalent 
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Result: Diffraction pattern
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‣ position  

‣ the intensity 

‣ the shape and width 

of the reflections.

Powder diffraction

Magnetic structures

Downsides: 

‣ not always easy to find q 

‣ superposition of peaks 

‣ magnetic equivalents not 
equivalent 
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Powder diffraction - ambiguity 

Magnetic structures
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Magnetic ordering in manganates

Magnetic structures

Radaelli et al., Phys. Rev. B 55 3015 (1997)

1. Different modulations for Mn3+ and Mn4+ sub lattices

2. Different moment directions for Mn3+ and Mn4+

3. Spin-flip domain boundaries in Mn3+ structure
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Single crystal diffraction - 4-circle geometry

by adjusting 2𝜃, 𝜔, 𝜒 and 𝜙  

the sample is put in reflection position 

D10 (ILL)

single crystal on Al pin

Magnetic structures
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Single crystal diffraction - Normal beam geometry

cryomagnets, pressure cells, … 
cannot be tilted much 

→ confined to the scattering plane 
e.g. only (hk0) reflections 

→ lifting counter 
able to reach l=1, 2…

Magnetic structures
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Magnetic ordering in Ni3V2O8

Magnetic structures

Lawes et al., Phys. Rev. Lett. 95 087205 (2005)
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complex cycloidal magnetic structure breaks inversion symmetry 
and induces macroscopic electric polarisation → multiferroic
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Comparison: Powder vs. single crystal diffraction

Magnetic structures

‣ straightforward experiment 

‣ Rietveld analysis (profile) 

‣ no knowledge on structure required 

‣ peak overlap 

‣ loss of vectorial information

‣ requires knowledge on structure 

‣ list of (hkl) and intensities 

‣ peaks measured individually 

‣ no loss of vectorial information 

‣ Extinction 
‣ magnetic domains
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Non-resonant magnetic X-ray diffraction

Magnetic structures

‣ At 1 keV magnetic scattering cross section is 
3.8*10-6 smaller than Thomson scattering 

‣ Only a few unpaired electrons contribute to 
magnetic scattering, while all electrons to 
Thomson scattering 

‣ however, large flux largely compensates for small 
cross sections 

‣ Magnetic scattering (and L/S) has different 
polarization dependence than Thomson scattering 

‣ spin and orbital moment can be distinguished 
‣ microfocussing down to 20 nm

Ohsumi and Arima, Advances in Physics: X 1 128 (2016)
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Non-resonant magnetic X-ray diffraction

Magnetic structures

Johnson et al., Phys. Rev. Lett. 107 137205 (2011)

- use of X-ray polarisation to deduce spin-rotation plane 

- magnetic structure refinement to unpolarised neutron data
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Non-resonant magnetic X-ray diffraction

Magnetic structures

- microfocusing allows to probe individual magnetic domains

50 µm resolution

Johnson et al., Phys. Rev. Lett. 110 217206 (2011)
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Resonant magnetic X-ray diffraction

Magnetic structures

‣ Tune the energy of the X-ray beam to an absorption edge 

‣ Photon is absorbed and the system re-emits a photon with the same energy 

‣ Element-specific information 

‣ Combination of spectroscopy technique with Bragg scattering
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‣ Ideal example: GdMn2O5  

‣ Gd and Mn order 

‣ Gd has huge neutron absorption cross section
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Polarized neutrons
Why use them?

reference frame 
[100]-[001] scattering plane

neutron spin state can be different after scattering process depending on interaction 

Rules: 

1. Nuclear scattering is always a non-spin-flip process 

2. Only the component                contributes to magnetic scattering 

3. The magnetic component                contributes to spin-flip scattering 

4. The magnetic component                contributes to non-spin-flip scattering

FM ? Q
<latexit sha1_base64="u4RRXK4slNat2v6B7bZlAZYkicI=">AAACBHicbVDLSsNAFJ34rPUVddnNYBFcSElU0GVBEDdCC/YBTQiT6aQdOpkMMxOhhC7c+CtuXCji1o9w5984aSNo64ELh3Pu5d57QsGo0o7zZS0tr6yurZc2yptb2zu79t5+WyWpxKSFE5bIbogUYZSTlqaaka6QBMUhI51wdJX7nXsiFU34nR4L4sdowGlEMdJGCuyKFyM9DKPsehLceoJI8SM0J4FddWrOFHCRuAWpggKNwP70+glOY8I1ZkipnusI7WdIaooZmZS9VBGB8AgNSM9QjmKi/Gz6xAQeGaUPo0Sa4hpO1d8TGYqVGseh6cwvVPNeLv7n9VIdXfoZ5SLVhOPZoihlUCcwTwT2qSRYs7EhCEtqboV4iCTC2uRWNiG48y8vkvZpzT2ruc3zav2kiKMEKuAQHAMXXIA6uAEN0AIYPIAn8AJerUfr2Xqz3metS1YxcwD+wPr4BnFbmIg=</latexit>

FM ? Pi
<latexit sha1_base64="APSo68qE537ftvwOEreo89iOYIo=">AAACBnicbVDLSsNAFJ3UV62vqEsRBovgQkqigi4LgrgRKtgHNCVMppN26GQyzEyEErJy46+4caGIW7/BnX/jpI2grQcuHM65l3vvCQSjSjvOl1VaWFxaXimvVtbWNza37O2dlooTiUkTxyyWnQApwignTU01Ix0hCYoCRtrB6DL32/dEKhrzOz0WpBehAachxUgbybf3vQjpYRCmV5l/4wkixY/QyHzq21Wn5kwA54lbkCoo0PDtT68f4yQiXGOGlOq6jtC9FElNMSNZxUsUEQiP0IB0DeUoIqqXTt7I4KFR+jCMpSmu4UT9PZGiSKlxFJjO/EY16+Xif1430eFFL6VcJJpwPF0UJgzqGOaZwD6VBGs2NgRhSc2tEA+RRFib5ComBHf25XnSOqm5pzX39qxaPy7iKIM9cACOgAvOQR1cgwZoAgwewBN4Aa/Wo/VsvVnv09aSVczsgj+wPr4B/5aZYw==</latexit>

FM k Pi
<latexit sha1_base64="Ba/cDunxuxaOM8rack20E/kw7Wo=">AAACCnicbVDLSsNAFJ3UV62vqEs3o0VwISVRQZcFQdwIFewDmhIm05t26OTBzEQoIWs3/oobF4q49Qvc+TdO2gjaeuDC4Zx7ufceL+ZMKsv6MkoLi0vLK+XVytr6xuaWub3TklEiKDRpxCPR8YgEzkJoKqY4dGIBJPA4tL3RZe6370FIFoV3ahxDLyCDkPmMEqUl19x3AqKGnp9eZe6NExNBOAf+IzYyl7lm1apZE+B5Yhekigo0XPPT6Uc0CSBUlBMpu7YVq15KhGKUQ1ZxEgkxoSMygK6mIQlA9tLJKxk+1Eof+5HQFSo8UX9PpCSQchx4ujO/Uc56ufif102Uf9FLWRgnCkI6XeQnHKsI57ngPhNAFR9rQqhg+lZMhzoOqnR6FR2CPfvyPGmd1OzTmn17Vq0fF3GU0R46QEfIRueojq5RAzURRQ/oCb2gV+PReDbejPdpa8koZnbRHxgf3yyDmyE=</latexit>
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Spin densities
Flipping ratio method 

‣ sensitive technique used to derive spin density maps 

‣ accurate        allow a non-spherical model of the spin distribution 

‣ accuracy due to interference term 

E.g.: 

unpolarized:  

polarized: 

FM
<latexit sha1_base64="PGIcV4dbNX1Sy60fU9NAp/EF5jo=">AAAB83icbVDLSgMxFL2pr1pfVZdugkVwIWVGBV0WBHEjVLAP6Awlk2ba0ExmSDJCGfobblwo4tafceffmGlnoa0HAodz7uWenCARXBvH+UalldW19Y3yZmVre2d3r7p/0NZxqihr0VjEqhsQzQSXrGW4EaybKEaiQLBOML7J/c4TU5rH8tFMEuZHZCh5yCkxVvK8iJhREGa30/59v1pz6s4MeJm4BalBgWa/+uUNYppGTBoqiNY910mMnxFlOBVsWvFSzRJCx2TIepZKEjHtZ7PMU3xilQEOY2WfNHim/t7ISKT1JArsZJ5RL3q5+J/XS0147WdcJqlhks4PhanAJsZ5AXjAFaNGTCwhVHGbFdMRUYQaW1PFluAufnmZtM/r7kXdfbisNc6KOspwBMdwCi5cQQPuoAktoJDAM7zCG0rRC3pHH/PREip2DuEP0OcPAtCRlw==</latexit>

F 2
N + F 2

M = 1.01F 2
N

<latexit sha1_base64="+Qk/qy8saUqS2h2+opsS+2PVFlY=">AAACCXicbVDLSgMxFM34rPU16tJNsAiCMkyqoBuhIBQ3SgX7gHY6ZDJpG5p5kGSEMnTrxl9x40IRt/6BO//GdDoLbT1w4XDOvbm5x4s5k8q2v42FxaXlldXCWnF9Y3Nr29zZbcgoEYTWScQj0fKwpJyFtK6Y4rQVC4oDj9OmN7ya+M0HKiSLwns1iqkT4H7IeoxgpSXXhFX3tls+rro33XIney4V1B9fIstGmeWaJduyM8B5gnJSAjlqrvnV8SOSBDRUhGMp28iOlZNioRjhdFzsJJLGmAxxn7Y1DXFApZNmq8fwUCs+7EVCV6hgpv6eSHEg5SjwdGeA1UDOehPxP6+dqN6Fk7IwThQNyXRRL+FQRXASC/SZoETxkSaYCKb/CskAC0yUDq+oQ0CzJ8+TRtlCpxa6OytVTvI4CmAfHIAjgMA5qIBrUAN1QMAjeAav4M14Ml6Md+Nj2rpg5DN74A+Mzx96Y5g2</latexit>

(FN + FM )2 = F 2
N + 2FNFM + F 2

M = 1.21F 2
N

<latexit sha1_base64="Y2B9dm2Ofu+BsCdj6VLdYx49Z1A="></latexit>

FM = 0.1 · FN
<latexit sha1_base64="55nLK8VPvMPSB0UH9Np8/TLDkIc=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwISFRQTdCQShulAr2AW0Ik8mkHTqZCTOTQgn9EzcuFHHrn7jzb5y2WWjrgQuHc+7l3nvClFGlXffbKq2srq1vlDcrW9s7u3v2/kFLiUxi0sSCCdkJkSKMctLUVDPSSSVBSchIOxzeTv32iEhFBX/S45T4CepzGlOMtJEC264H9zeu4/VwJDSsBw+BXXUddwa4TLyCVEGBRmB/9SKBs4RwjRlSquu5qfZzJDXFjEwqvUyRFOEh6pOuoRwlRPn57PIJPDFKBGMhTXENZ+rviRwlSo2T0HQmSA/UojcV//O6mY6v/ZzyNNOE4/miOGNQCziNAUZUEqzZ2BCEJTW3QjxAEmFtwqqYELzFl5dJ69zxLhzv8bJaOyviKIMjcAxOgQeuQA3cgQZoAgxG4Bm8gjcrt16sd+tj3lqyiplD8AfW5w9GBJIP</latexit>

flipping ratio: R =
I+

I�
=

1.21

0.81
⇡ 1.25

<latexit sha1_base64="Ta0kVdQ3dfYp24mvCWba9kZp9Po=">AAACGHicbVDLSgMxFM3UV62vUZdugkUQ1HFSFbsRCm50V8U+oFNLJs20oZkHSUYsw3yGG3/FjQtF3Hbn35i2s1DrgYSTc+7l5h434kwq2/4ycnPzC4tL+eXCyura+oa5uVWXYSwIrZGQh6LpYkk5C2hNMcVpMxIU+y6nDXdwOfYbD1RIFgZ3ahjRto97AfMYwUpLHfP49sLxBCbJ9f1Bqq+jNHsjq4TSxLbKKHVwFInwEWrprGMWbcueAM4SlJEiyFDtmCOnG5LYp4EiHEvZQnak2gkWihFO04ITSxphMsA92tI0wD6V7WSyWAr3tNKFXij0CRScqD87EuxLOfRdXelj1Zd/vbH4n9eKlVduJyyIYkUDMh3kxRyqEI5Tgl0mKFF8qAkmgum/QtLHOhelsyzoENDflWdJvWShEwvdnBYrh1kcebADdsE+QOAcVMAVqIIaIOAJvIA38G48G6/Gh/E5Lc0ZWc82+AVj9A2B6Z4V</latexit>
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significant population of      and  dz2 dx2�y2

spin density in double-bridged Cu complex
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x and y within scattering plane 
z vertical

Spin densities
Flipping ratio method 
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Flipping ratio method 

only non-spin-flip scattering
x and y within scattering plane 

z vertical

(FN + FM )2
<latexit sha1_base64="g4rpluMgUl27u9rGKJPQX5quTsM=">AAAB8nicbVBNS8NAEN3Ur1q/qh69BItQUUpSBT0WhOJFqWA/II1hs920Sze7YXcilNKf4cWDIl79Nd78N27bHLT6YODx3gwz88KEMw2O82XllpZXVtfy64WNza3tneLuXkvLVBHaJJJL1QmxppwJ2gQGnHYSRXEcctoOh1dTv/1IlWZS3MMooX6M+4JFjGAwkleuB7cn9eDm+KEaFEtOxZnB/kvcjJRQhkZQ/Oz2JEljKoBwrLXnOgn4Y6yAEU4nhW6qaYLJEPepZ6jAMdX+eHbyxD4ySs+OpDIlwJ6pPyfGONZ6FIemM8Yw0IveVPzP81KILv0xE0kKVJD5oijlNkh7+r/dY4oS4CNDMFHM3GqTAVaYgEmpYEJwF1/+S1rVintWce/OS7XTLI48OkCHqIxcdIFq6Bo1UBMRJNETekGvFljP1pv1Pm/NWdnMPvoF6+MbICqPxg==</latexit>

Spin densities
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Flipping ratio method 

only non-spin-flip scattering
x and y within scattering plane 

z vertical

(FN � FM )2
<latexit sha1_base64="554cY46ehkWuapSgolJXT1orzRM=">AAAB8nicbVBNS8NAEN3Ur1q/qh69BItQQUtSBT0WhOJFqWA/II1hs920Sze7YXcilNKf4cWDIl79Nd78N27bHLT6YODx3gwz88KEMw2O82XllpZXVtfy64WNza3tneLuXkvLVBHaJJJL1QmxppwJ2gQGnHYSRXEcctoOh1dTv/1IlWZS3MMooX6M+4JFjGAwkleuB7en9eDm+KEaFEtOxZnB/kvcjJRQhkZQ/Oz2JEljKoBwrLXnOgn4Y6yAEU4nhW6qaYLJEPepZ6jAMdX+eHbyxD4ySs+OpDIlwJ6pPyfGONZ6FIemM8Yw0IveVPzP81KILv0xE0kKVJD5oijlNkh7+r/dY4oS4CNDMFHM3GqTAVaYgEmpYEJwF1/+S1rVintWce/OS7WTLI48OkCHqIxcdIFq6Bo1UBMRJNETekGvFljP1pv1Pm/NWdnMPvoF6+MbIz6PyA==</latexit>

Spin densities
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Spin densities
Magnetic Compton scattering

J(pz) =

Z Z
⇢(px, py, pz)dpxdpy

<latexit sha1_base64="UF/HoxnHkyCIWwvd8pw57egVHxw=">AAACEnicbVDLSsNAFJ3UV62vqEs3wSK0UEqigm6EghtxVcE+oAlhMpm0QyeTMDMRY+g3uPFX3LhQxK0rd/6NkzYLbT1w4cw59zL3Hi+mREjT/NZKS8srq2vl9crG5tb2jr671xVRwhHuoIhGvO9BgSlhuCOJpLgfcwxDj+KeN77M/d4d5oJE7FamMXZCOGQkIAhKJbl6/boWuw/1C5swmZdh81GkpPtG7KaN3PLVQ1Xq6lWzaU5hLBKrIFVQoO3qX7YfoSTETCIKhRhYZiydDHJJEMWTip0IHEM0hkM8UJTBEAsnm540MY6U4htBxFWprabq74kMhkKkoac6QyhHYt7Lxf+8QSKDcycjLE4kZmj2UZBQQ0ZGno/hE46RpKkiEHGidjXQCHKIpEqxokKw5k9eJN3jpnXStG5Oq61GEUcZHIBDUAMWOAMtcAXaoAMQeATP4BW8aU/ai/aufcxaS1oxsw/+QPv8AWG8nT4=</latexit>

‣ Incoherent scattering technique using circularly polarised X-rays 

‣ based on well-known Compton effect 

‣ one can measure the projection of all electron momenta on the 

scattering vector (defined as Compton profile)

Compton shift projection of p on q

@2�

@⌦@!2
/ |A|2J(pz) + 2i ·A⇤B · Jmag(pz)

<latexit sha1_base64="JsLz5vVbt5U4md7220znTZ5IXyc="></latexit>

‣ Total cross section: 

‣ Magnetic Compton Profile:
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Spin densities
Magnetic Compton scattering

J(pz) =

Z Z
⇢(px, py, pz)dpxdpy

<latexit sha1_base64="UF/HoxnHkyCIWwvd8pw57egVHxw=">AAACEnicbVDLSsNAFJ3UV62vqEs3wSK0UEqigm6EghtxVcE+oAlhMpm0QyeTMDMRY+g3uPFX3LhQxK0rd/6NkzYLbT1w4cw59zL3Hi+mREjT/NZKS8srq2vl9crG5tb2jr671xVRwhHuoIhGvO9BgSlhuCOJpLgfcwxDj+KeN77M/d4d5oJE7FamMXZCOGQkIAhKJbl6/boWuw/1C5swmZdh81GkpPtG7KaN3PLVQ1Xq6lWzaU5hLBKrIFVQoO3qX7YfoSTETCIKhRhYZiydDHJJEMWTip0IHEM0hkM8UJTBEAsnm540MY6U4htBxFWprabq74kMhkKkoac6QyhHYt7Lxf+8QSKDcycjLE4kZmj2UZBQQ0ZGno/hE46RpKkiEHGidjXQCHKIpEqxokKw5k9eJN3jpnXStG5Oq61GEUcZHIBDUAMWOAMtcAXaoAMQeATP4BW8aU/ai/aufcxaS1oxsw/+QPv8AWG8nT4=</latexit>

‣ Incoherent scattering technique using circularly polarised X-rays 

‣ based on well-known Compton effect 

‣ one can measure the projection of all electron momenta on the 

scattering vector (defined as Compton profile)

momentum density in Co3V2O8

@2�

@⌦@!2
/ |A|2J(pz) + 2i ·A⇤B · Jmag(pz)

<latexit sha1_base64="JsLz5vVbt5U4md7220znTZ5IXyc="></latexit>

‣ Total cross section: 

‣ Magnetic Compton Profile:
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Spin densities
Correlation of real and momentum space

Spin polarized orbital occupation

Ab initio MO wave functions

Real space Momentum space
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Spin densities
Correlation of real and momentum space

Spin polarized orbital occupation

Real space Momentum space

observed calculated observed calculated

orbital occupations, super-exchange pathways, hybridization, etc.
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Polarized analysis
Neutrons

More information can be extracted by analysing the  
final polarization of the neutrons.  

Longitudinal Polarization Analysis (LPA): set       along x, y or z and analyse the component  

of        along the same direction  

6 possibilities: 3 directions x 2 cross sections

Spherical Neutron Polarimetry (SNP): set       along x, y or z and analyse the component  
of        along x, y or z 
36 possibilities: 3 directions x 3 directions x 4 cross sections

x,y,z I++(I��), I+�(I�+)

x,y,z x,y,z I++, I��, I+�, I�+

Pi
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Polarized neutrons
LPA experiment
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Polarized neutrons
LPA experiment
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Polarized neutrons
LPA experiment
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Polarized neutrons
LPA experiment
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Polarized neutrons
Helmholtz coils

Pi k x
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Spherical neutron polarimetry

Powerful technique used to determine …

‣ complex magnetic structures 

‣ chiral domain populations

by selectively measuring generalized cross sections of a polarised 

neutron beam with a single-crystal sample.  

Possible to reconstruct the 3D rotation [and (de)polarisation] of 

the neutron spin.

Polarized neutrons
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Spherical neutron polarimetry

Powerful technique used to determine …

‣ complex magnetic structures 

‣ chiral domain populations

by selectively measuring generalized cross sections of a polarised 

neutron beam with a single-crystal sample.  

Possible to reconstruct the 3D rotation [and (de)polarisation] of 

the neutron spin.

Polarized neutrons
Circularly polarised X-rays
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Spherical neutron polarimetry

CRYOgenic Polarization Analysis Device

Cryocradle setup allowing for 

out-of-plane access

Polarized neutrons
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Spherical neutron polarimetry

Polarisation tensor

Local coordination system:  

x || Q 
z vertical 

y completes right-handed set

Pf = PPi +P0
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Final neutron polarization is related to initial one by  
rotational part

created/annihilated polarisation

Easily distinguish nuclear, magnetic, chiral and interference terms.

Polarized neutrons
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Polarized neutrons
Spherical neutron polarimetry

CRYOgenic Polarization Analysis Device

Pi k x Pf k y

Pf,i = Pyx =
n+ � n�

n+ + n�
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Comparison: Neutron vs. X-ray single crystal diffraction

Magnetic structures

‣ Born approximation valid 
‣ Magnetic scattering amplitude comparable to nuclear 

one 

‣ Large penetration depth -> bulky sample 
environments 

‣ Manipulation of polarisation and analysis (but costly) 

‣ Large divergence, relatively poor Q-resolution 

‣ Lack of spatial resolution 

‣ No direct L/S separation (only by fitting magnetic 
form factor)

‣ No powder 

‣ Off resonance gives quantitative results, but scaling to 
charge scattering not always easy  

‣ Small magnetic cross section compensated by flux 

‣ Beam heating can be a problem (no dilution) 

‣ Not easy to do k=0 work 

‣ Manipulate polarization and analysis 
‣ Highly collimated, excellent Q-resolution 

‣ Spatial resolution down to 20 nm 

‣ Direct L/S separation 

‣ Element specific information from resonance



T H E  E U R O P E A N  N E U T R O N  S O U R C E16th Oxford School on Neutron Scattering | Navid Qureshi

Diffuse scattering

Short-range order

‣ Some magnetic systems do not order even down to  

very low temperatures 

‣ often bear very interesting physics 

‣ short-range order revealed in diffuse scattering
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Diffuse scattering

Short-range order

‣ Some magnetic systems do not order even down to  

very low temperatures 

‣ often bear very interesting physics 

‣ short-range order revealed in diffuse scattering 

‣ most prominent example: spin ice 

‣ highly frustrated although ferromagnetic 

Bramwell and Gingras, Science 294 1495 (2001)

water ice spin ice local anisotropy <111>
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Diffuse scattering

Short-range order

‣ Some magnetic systems do not order even down to  

very low temperatures 

‣ often bear very interesting physics 

‣ short-range order revealed in diffuse scattering 

‣ most prominent example: spin ice 

‣ highly frustrated although ferromagnetic  

‣ pinch points in diffuse scattering pattern perfectly 

reproduced by Monte Carlo analysis

Fennell et al., Science 326 415 (2009)
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Diffuse scattering

Short-range order

‣ Some magnetic systems do not order even down to  

very low temperatures 

‣ often bear very interesting physics 

‣ short-range order revealed in diffuse scattering 

‣ most prominent example: spin ice 

‣ highly frustrated although ferromagnetic  

‣ pinch points in diffuse scattering pattern perfectly 

reproduced by Monte Carlo analysis 

‣ excitations interpreted as magnetic monopoles

Fennell et al., Science 326 415 (2009)
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‣ SrGd2O4 containing natural Gd 

‣ TN = 2.73 K 

‣ 𝜆 = 0.5 Å, Qmax = 7 Å-1 

‣ 50 K background subtracted
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Short-range order
Diffuse scattering, RMC and mPDF
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Short-range order
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‣ SrGd2O4 containing natural Gd 

‣ TN = 2.73 K 

‣ 𝜆 = 0.5 Å, Qmax = 7 Å-1 

‣ 50 K background subtracted

Diffuse scattering, RMC and mPDF
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Short-range order
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‣ SrGd2O4 containing natural Gd 

‣ TN = 2.73 K 

‣ 𝜆 = 0.5 Å, Qmax = 7 Å-1 

‣ 50 K background subtracted

Diffuse scattering, RMC and mPDF
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Short-range order
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‣ SrGd2O4 containing natural Gd 

‣ TN = 2.73 K 

‣ 𝜆 = 0.5 Å, Qmax = 7 Å-1 

‣ 50 K background subtracted

Diffuse scattering, RMC and mPDF
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Short-range order
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‣ SrGd2O4 containing natural Gd 

‣ TN = 2.73 K 

‣ 𝜆 = 0.5 Å, Qmax = 7 Å-1 

‣ 50 K background subtracted

Diffuse scattering, RMC and mPDF
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Short-range order
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‣ SrGd2O4 containing natural Gd 

‣ TN = 2.73 K 

‣ 𝜆 = 0.5 Å, Qmax = 7 Å-1 

‣ 50 K background subtracted

Diffuse scattering, RMC and mPDF
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Short-range order
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‣ SrGd2O4 containing natural Gd 

‣ TN = 2.73 K 

‣ 𝜆 = 0.5 Å, Qmax = 7 Å-1 

‣ 50 K background subtracted

Diffuse scattering, RMC and mPDF
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Short-range order
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‣ SrGd2O4 containing natural Gd 

‣ TN = 2.73 K 

‣ 𝜆 = 0.5 Å, Qmax = 7 Å-1 

‣ 50 K background subtracted

Diffuse scattering, RMC and mPDF
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Short-range order
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‣ SrGd2O4 containing natural Gd 
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‣ 50 K background subtracted

Diffuse scattering, RMC and mPDF
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Short-range order
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‣ SrGd2O4 containing natural Gd 
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‣ 50 K background subtracted

Diffuse scattering, RMC and mPDF
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Short-range order
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Short-range order
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Short-range order
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Short-range order
F AF

Frandsen et al., Acta Cryst. A70 3 (2013)
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Short-range order
F AF

Frandsen et al., Acta Cryst. A70 3 (2013)

3.45 Å

3.54 Å

3.
59

 Å

3.88 Å

4.
03

 Å

0 2 4 6 8 10 12 14 16 18

-0.5

-0.4

-0.3

-0.2

-0.1

0

0.1

0.2

0.3

SrGd2O4 2.2 K

Diffuse scattering, RMC and mPDF



T H E  E U R O P E A N  N E U T R O N  S O U R C E16th Oxford School on Neutron Scattering | Navid Qureshi

I(Q) = C[µf(Q)]2 · 1

N

X

i,j


Aij

sinQrij
Qrij

+Bij

✓
sinQrij
(Qrij)2

� cosQrij
(Qrij)2

◆�

<latexit sha1_base64="kawdHQwmyJilRGesczu/bZJ81oQ="></latexit>

17496 spins

Aij = Sx
i S

x
j

<latexit sha1_base64="2FmZKBHVKSPesPt0dbNO+2GT37Y=">AAAB+nicbVBNT8JAEJ3iF+JX0aOXRmLiibRqohcT1ItHDPKRYGm2ywIL222zu1VI5ad48aAxXv0l3vw3LtCDgi+Z5OW9mczM8yNGpbLtbyOztLyyupZdz21sbm3vmPndmgxjgUkVhywUDR9JwignVUUVI41IEBT4jNT9wfXErz8QIWnI79QoIm6Aupx2KEZKS56Zv/QS2h9fVDzaGla8fmvomQW7aE9hLRInJQVIUfbMr/t2iOOAcIUZkrLp2JFyEyQUxYyMc/exJBHCA9QlTU05Coh0k+npY+tQK22rEwpdXFlT9fdEggIpR4GvOwOkenLem4j/ec1Ydc7dhPIoVoTj2aJOzCwVWpMcrDYVBCs20gRhQfWtFu4hgbDSaeV0CM78y4ukdlx0TorO7WmhdJXGkYV9OIAjcOAMSnADZagChkd4hld4M56MF+Pd+Ji1Zox0Zg/+wPj8ARc5k+M=</latexit>

Bij = 2Sz
i S

z
j � Sx

i S
x
j

<latexit sha1_base64="jB8VdfVyRYykmQI2wc/A+6PGLL4=">AAACBnicbZDLSsNAFIYnXmu9RV2KMFgEN5akCroRSt24rNReoE3DZDppp51cmJlI29CVG1/FjQtF3PoM7nwbJ20W2vrDwMd/zuHM+Z2QUSEN41tbWl5ZXVvPbGQ3t7Z3dvW9/ZoIIo5JFQcs4A0HCcKoT6qSSkYaISfIcxipO4ObpF5/IFzQwL+Xo5BYHur61KUYSWXZ+lHJjml/cl2o2LQ9rtj99vgswWGCQ1vPGXljKrgIZgo5kKps61+tToAjj/gSMyRE0zRCacWIS4oZmWRbkSAhwgPUJU2FPvKIsOLpGRN4opwOdAOuni/h1P09ESNPiJHnqE4PyZ6YryXmf7VmJN0rK6Z+GEni49kiN2JQBjDJBHYoJ1iykQKEOVV/hbiHOMJSJZdVIZjzJy9CrZA3z/Pm3UWuWErjyIBDcAxOgQkuQRHcgjKoAgwewTN4BW/ak/aivWsfs9YlLZ05AH+kff4Asy2Yog==</latexit>

‣ Ising anisotropy 

‣   

‣ 9x27x9 super cell, adapted to coherence volume on D4

gj
p
J(J + 1)µB = 7.94µB

<latexit sha1_base64="Gj/agneM+vPYShmQaZ5sFEflDYY=">AAACCnicbZDLSsNAFIYn9VbrLerSzWgRKkJJtFBdCKVupKsK9gJNCJPppB07uTgzEUro2o2v4saFIm59Ane+jdM0C63+MPDxn3M4c343YlRIw/jScguLS8sr+dXC2vrG5pa+vdMWYcwxaeGQhbzrIkEYDUhLUslIN+IE+S4jHXd0Oa137gkXNAxu5Dgito8GAfUoRlJZjr4/cG4tccdl0ig1js2jieXHTv0CVsvnFZiyoxeNspEK/gUzgyLI1HT0T6sf4tgngcQMCdEzjUjaCeKSYkYmBSsWJEJ4hAakpzBAPhF2kp4ygYfK6UMv5OoFEqbuz4kE+UKMfVd1+kgOxXxtav5X68XSO7MTGkSxJAGeLfJiBmUIp7nAPuUESzZWgDCn6q8QDxFHWKr0CioEc/7kv9A+KZunZfO6UqzVszjyYA8cgBIwQRXUwBVoghbA4AE8gRfwqj1qz9qb9j5rzWnZzC74Je3jGxbpmJQ=</latexit>

Short-range order
Diffuse scattering, RMC and mPDF

Spinvert
Paddison et al., J. Phys.: Condens. Matter 25, 454220 (2013)



T H E  E U R O P E A N  N E U T R O N  S O U R C E16th Oxford School on Neutron Scattering | Navid Qureshi

Short-range order

I(Q) = C[µf(Q)]2 · 1

N

X

i,j


Aij

sinQrij
Qrij

+Bij

✓
sinQrij
(Qrij)2

� cosQrij
(Qrij)2

◆�

<latexit sha1_base64="kawdHQwmyJilRGesczu/bZJ81oQ="></latexit>

‣ Ising anisotropy 

‣   

‣ 9x27x9 super cell, adapted to coherence volume on D4

gj
p
J(J + 1)µB = 7.94µB

<latexit sha1_base64="Gj/agneM+vPYShmQaZ5sFEflDYY=">AAACCnicbZDLSsNAFIYn9VbrLerSzWgRKkJJtFBdCKVupKsK9gJNCJPppB07uTgzEUro2o2v4saFIm59Ane+jdM0C63+MPDxn3M4c343YlRIw/jScguLS8sr+dXC2vrG5pa+vdMWYcwxaeGQhbzrIkEYDUhLUslIN+IE+S4jHXd0Oa137gkXNAxu5Dgito8GAfUoRlJZjr4/cG4tccdl0ig1js2jieXHTv0CVsvnFZiyoxeNspEK/gUzgyLI1HT0T6sf4tgngcQMCdEzjUjaCeKSYkYmBSsWJEJ4hAakpzBAPhF2kp4ygYfK6UMv5OoFEqbuz4kE+UKMfVd1+kgOxXxtav5X68XSO7MTGkSxJAGeLfJiBmUIp7nAPuUESzZWgDCn6q8QDxFHWKr0CioEc/7kv9A+KZunZfO6UqzVszjyYA8cgBIwQRXUwBVoghbA4AE8gRfwqj1qz9qb9j5rzWnZzC74Je3jGxbpmJQ=</latexit>

0 1 2 3 4 5 6 7

-1

0

1

2

3

4

5

SrGd
2
O

4
 30 K

Spinvert fit

0 2 4 6 8 10 12 14 16 18

-0.5

-0.4

-0.3

-0.2

-0.1

0

0.1

0.2

0.3

SrGd2O4 30 K

Spinvert fit

FT

Aij = Sx
i S

x
j

<latexit sha1_base64="2FmZKBHVKSPesPt0dbNO+2GT37Y=">AAAB+nicbVBNT8JAEJ3iF+JX0aOXRmLiibRqohcT1ItHDPKRYGm2ywIL222zu1VI5ad48aAxXv0l3vw3LtCDgi+Z5OW9mczM8yNGpbLtbyOztLyyupZdz21sbm3vmPndmgxjgUkVhywUDR9JwignVUUVI41IEBT4jNT9wfXErz8QIWnI79QoIm6Aupx2KEZKS56Zv/QS2h9fVDzaGla8fmvomQW7aE9hLRInJQVIUfbMr/t2iOOAcIUZkrLp2JFyEyQUxYyMc/exJBHCA9QlTU05Coh0k+npY+tQK22rEwpdXFlT9fdEggIpR4GvOwOkenLem4j/ec1Ydc7dhPIoVoTj2aJOzCwVWpMcrDYVBCs20gRhQfWtFu4hgbDSaeV0CM78y4ukdlx0TorO7WmhdJXGkYV9OIAjcOAMSnADZagChkd4hld4M56MF+Pd+Ji1Zox0Zg/+wPj8ARc5k+M=</latexit>

Bij = 2Sz
i S

z
j � Sx

i S
x
j

<latexit sha1_base64="jB8VdfVyRYykmQI2wc/A+6PGLL4=">AAACBnicbZDLSsNAFIYnXmu9RV2KMFgEN5akCroRSt24rNReoE3DZDppp51cmJlI29CVG1/FjQtF3PoM7nwbJ20W2vrDwMd/zuHM+Z2QUSEN41tbWl5ZXVvPbGQ3t7Z3dvW9/ZoIIo5JFQcs4A0HCcKoT6qSSkYaISfIcxipO4ObpF5/IFzQwL+Xo5BYHur61KUYSWXZ+lHJjml/cl2o2LQ9rtj99vgswWGCQ1vPGXljKrgIZgo5kKps61+tToAjj/gSMyRE0zRCacWIS4oZmWRbkSAhwgPUJU2FPvKIsOLpGRN4opwOdAOuni/h1P09ESNPiJHnqE4PyZ6YryXmf7VmJN0rK6Z+GEni49kiN2JQBjDJBHYoJ1iykQKEOVV/hbiHOMJSJZdVIZjzJy9CrZA3z/Pm3UWuWErjyIBDcAxOgQkuQRHcgjKoAgwewTN4BW/ak/aivWsfs9YlLZ05AH+kff4Asy2Yog==</latexit>

Diffuse scattering, RMC and mPDF

Spinvert
Paddison et al., J. Phys.: Condens. Matter 25, 454220 (2013)



T H E  E U R O P E A N  N E U T R O N  S O U R C E16th Oxford School on Neutron Scattering | Navid Qureshi

Short-range order

I(Q) = C[µf(Q)]2 · 1

N

X

i,j


Aij

sinQrij
Qrij

+Bij

✓
sinQrij
(Qrij)2

� cosQrij
(Qrij)2

◆�

<latexit sha1_base64="kawdHQwmyJilRGesczu/bZJ81oQ="></latexit>

‣ Ising anisotropy 

‣   

‣ 9x27x9 super cell, adapted to coherence volume on D4

gj
p
J(J + 1)µB = 7.94µB

<latexit sha1_base64="Gj/agneM+vPYShmQaZ5sFEflDYY=">AAACCnicbZDLSsNAFIYn9VbrLerSzWgRKkJJtFBdCKVupKsK9gJNCJPppB07uTgzEUro2o2v4saFIm59Ane+jdM0C63+MPDxn3M4c343YlRIw/jScguLS8sr+dXC2vrG5pa+vdMWYcwxaeGQhbzrIkEYDUhLUslIN+IE+S4jHXd0Oa137gkXNAxu5Dgito8GAfUoRlJZjr4/cG4tccdl0ig1js2jieXHTv0CVsvnFZiyoxeNspEK/gUzgyLI1HT0T6sf4tgngcQMCdEzjUjaCeKSYkYmBSsWJEJ4hAakpzBAPhF2kp4ygYfK6UMv5OoFEqbuz4kE+UKMfVd1+kgOxXxtav5X68XSO7MTGkSxJAGeLfJiBmUIp7nAPuUESzZWgDCn6q8QDxFHWKr0CioEc/7kv9A+KZunZfO6UqzVszjyYA8cgBIwQRXUwBVoghbA4AE8gRfwqj1qz9qb9j5rzWnZzC74Je3jGxbpmJQ=</latexit>

FT
0 1 2 3 4 5 6 7

-1

0

1

2

3

4

5

SrGd
2
O

4
 20 K

Spinvert fit

0 2 4 6 8 10 12 14 16 18

-0.5

-0.4

-0.3

-0.2

-0.1

0

0.1

0.2

0.3

SrGd2O4 20 K

Spinvert fit

Aij = Sx
i S

x
j

<latexit sha1_base64="2FmZKBHVKSPesPt0dbNO+2GT37Y=">AAAB+nicbVBNT8JAEJ3iF+JX0aOXRmLiibRqohcT1ItHDPKRYGm2ywIL222zu1VI5ad48aAxXv0l3vw3LtCDgi+Z5OW9mczM8yNGpbLtbyOztLyyupZdz21sbm3vmPndmgxjgUkVhywUDR9JwignVUUVI41IEBT4jNT9wfXErz8QIWnI79QoIm6Aupx2KEZKS56Zv/QS2h9fVDzaGla8fmvomQW7aE9hLRInJQVIUfbMr/t2iOOAcIUZkrLp2JFyEyQUxYyMc/exJBHCA9QlTU05Coh0k+npY+tQK22rEwpdXFlT9fdEggIpR4GvOwOkenLem4j/ec1Ydc7dhPIoVoTj2aJOzCwVWpMcrDYVBCs20gRhQfWtFu4hgbDSaeV0CM78y4ukdlx0TorO7WmhdJXGkYV9OIAjcOAMSnADZagChkd4hld4M56MF+Pd+Ji1Zox0Zg/+wPj8ARc5k+M=</latexit>

Bij = 2Sz
i S

z
j � Sx

i S
x
j

<latexit sha1_base64="jB8VdfVyRYykmQI2wc/A+6PGLL4=">AAACBnicbZDLSsNAFIYnXmu9RV2KMFgEN5akCroRSt24rNReoE3DZDppp51cmJlI29CVG1/FjQtF3PoM7nwbJ20W2vrDwMd/zuHM+Z2QUSEN41tbWl5ZXVvPbGQ3t7Z3dvW9/ZoIIo5JFQcs4A0HCcKoT6qSSkYaISfIcxipO4ObpF5/IFzQwL+Xo5BYHur61KUYSWXZ+lHJjml/cl2o2LQ9rtj99vgswWGCQ1vPGXljKrgIZgo5kKps61+tToAjj/gSMyRE0zRCacWIS4oZmWRbkSAhwgPUJU2FPvKIsOLpGRN4opwOdAOuni/h1P09ESNPiJHnqE4PyZ6YryXmf7VmJN0rK6Z+GEni49kiN2JQBjDJBHYoJ1iykQKEOVV/hbiHOMJSJZdVIZjzJy9CrZA3z/Pm3UWuWErjyIBDcAxOgQkuQRHcgjKoAgwewTN4BW/ak/aivWsfs9YlLZ05AH+kff4Asy2Yog==</latexit>

Diffuse scattering, RMC and mPDF

Spinvert
Paddison et al., J. Phys.: Condens. Matter 25, 454220 (2013)



T H E  E U R O P E A N  N E U T R O N  S O U R C E16th Oxford School on Neutron Scattering | Navid Qureshi

Short-range order

I(Q) = C[µf(Q)]2 · 1

N

X

i,j


Aij

sinQrij
Qrij

+Bij

✓
sinQrij
(Qrij)2

� cosQrij
(Qrij)2

◆�

<latexit sha1_base64="kawdHQwmyJilRGesczu/bZJ81oQ="></latexit>

‣ Ising anisotropy 

‣   

‣ 9x27x9 super cell, adapted to coherence volume on D4

gj
p
J(J + 1)µB = 7.94µB

<latexit sha1_base64="Gj/agneM+vPYShmQaZ5sFEflDYY=">AAACCnicbZDLSsNAFIYn9VbrLerSzWgRKkJJtFBdCKVupKsK9gJNCJPppB07uTgzEUro2o2v4saFIm59Ane+jdM0C63+MPDxn3M4c343YlRIw/jScguLS8sr+dXC2vrG5pa+vdMWYcwxaeGQhbzrIkEYDUhLUslIN+IE+S4jHXd0Oa137gkXNAxu5Dgito8GAfUoRlJZjr4/cG4tccdl0ig1js2jieXHTv0CVsvnFZiyoxeNspEK/gUzgyLI1HT0T6sf4tgngcQMCdEzjUjaCeKSYkYmBSsWJEJ4hAakpzBAPhF2kp4ygYfK6UMv5OoFEqbuz4kE+UKMfVd1+kgOxXxtav5X68XSO7MTGkSxJAGeLfJiBmUIp7nAPuUESzZWgDCn6q8QDxFHWKr0CioEc/7kv9A+KZunZfO6UqzVszjyYA8cgBIwQRXUwBVoghbA4AE8gRfwqj1qz9qb9j5rzWnZzC74Je3jGxbpmJQ=</latexit>

FT
0 1 2 3 4 5 6 7

-1

0

1

2

3

4

5

SrGd
2
O

4
 14 K

Spinvert fit

0 2 4 6 8 10 12 14 16 18

-0.5

-0.4

-0.3

-0.2

-0.1

0

0.1

0.2

0.3

SrGd2O4 14 K

Spinvert fit

Aij = Sx
i S

x
j

<latexit sha1_base64="2FmZKBHVKSPesPt0dbNO+2GT37Y=">AAAB+nicbVBNT8JAEJ3iF+JX0aOXRmLiibRqohcT1ItHDPKRYGm2ywIL222zu1VI5ad48aAxXv0l3vw3LtCDgi+Z5OW9mczM8yNGpbLtbyOztLyyupZdz21sbm3vmPndmgxjgUkVhywUDR9JwignVUUVI41IEBT4jNT9wfXErz8QIWnI79QoIm6Aupx2KEZKS56Zv/QS2h9fVDzaGla8fmvomQW7aE9hLRInJQVIUfbMr/t2iOOAcIUZkrLp2JFyEyQUxYyMc/exJBHCA9QlTU05Coh0k+npY+tQK22rEwpdXFlT9fdEggIpR4GvOwOkenLem4j/ec1Ydc7dhPIoVoTj2aJOzCwVWpMcrDYVBCs20gRhQfWtFu4hgbDSaeV0CM78y4ukdlx0TorO7WmhdJXGkYV9OIAjcOAMSnADZagChkd4hld4M56MF+Pd+Ji1Zox0Zg/+wPj8ARc5k+M=</latexit>

Bij = 2Sz
i S

z
j � Sx

i S
x
j

<latexit sha1_base64="jB8VdfVyRYykmQI2wc/A+6PGLL4=">AAACBnicbZDLSsNAFIYnXmu9RV2KMFgEN5akCroRSt24rNReoE3DZDppp51cmJlI29CVG1/FjQtF3PoM7nwbJ20W2vrDwMd/zuHM+Z2QUSEN41tbWl5ZXVvPbGQ3t7Z3dvW9/ZoIIo5JFQcs4A0HCcKoT6qSSkYaISfIcxipO4ObpF5/IFzQwL+Xo5BYHur61KUYSWXZ+lHJjml/cl2o2LQ9rtj99vgswWGCQ1vPGXljKrgIZgo5kKps61+tToAjj/gSMyRE0zRCacWIS4oZmWRbkSAhwgPUJU2FPvKIsOLpGRN4opwOdAOuni/h1P09ESNPiJHnqE4PyZ6YryXmf7VmJN0rK6Z+GEni49kiN2JQBjDJBHYoJ1iykQKEOVV/hbiHOMJSJZdVIZjzJy9CrZA3z/Pm3UWuWErjyIBDcAxOgQkuQRHcgjKoAgwewTN4BW/ak/aivWsfs9YlLZ05AH+kff4Asy2Yog==</latexit>

Diffuse scattering, RMC and mPDF

Spinvert
Paddison et al., J. Phys.: Condens. Matter 25, 454220 (2013)



T H E  E U R O P E A N  N E U T R O N  S O U R C E16th Oxford School on Neutron Scattering | Navid Qureshi

Short-range order

I(Q) = C[µf(Q)]2 · 1

N

X

i,j


Aij

sinQrij
Qrij

+Bij

✓
sinQrij
(Qrij)2

� cosQrij
(Qrij)2

◆�

<latexit sha1_base64="kawdHQwmyJilRGesczu/bZJ81oQ="></latexit>

‣ Ising anisotropy 

‣   

‣ 9x27x9 super cell, adapted to coherence volume on D4

gj
p
J(J + 1)µB = 7.94µB

<latexit sha1_base64="Gj/agneM+vPYShmQaZ5sFEflDYY=">AAACCnicbZDLSsNAFIYn9VbrLerSzWgRKkJJtFBdCKVupKsK9gJNCJPppB07uTgzEUro2o2v4saFIm59Ane+jdM0C63+MPDxn3M4c343YlRIw/jScguLS8sr+dXC2vrG5pa+vdMWYcwxaeGQhbzrIkEYDUhLUslIN+IE+S4jHXd0Oa137gkXNAxu5Dgito8GAfUoRlJZjr4/cG4tccdl0ig1js2jieXHTv0CVsvnFZiyoxeNspEK/gUzgyLI1HT0T6sf4tgngcQMCdEzjUjaCeKSYkYmBSsWJEJ4hAakpzBAPhF2kp4ygYfK6UMv5OoFEqbuz4kE+UKMfVd1+kgOxXxtav5X68XSO7MTGkSxJAGeLfJiBmUIp7nAPuUESzZWgDCn6q8QDxFHWKr0CioEc/7kv9A+KZunZfO6UqzVszjyYA8cgBIwQRXUwBVoghbA4AE8gRfwqj1qz9qb9j5rzWnZzC74Je3jGxbpmJQ=</latexit>

FT
0 1 2 3 4 5 6 7

-1

0

1

2

3

4

5

SrGd
2
O

4
 10 K

Spinvert fit

0 2 4 6 8 10 12 14 16 18

-0.5

-0.4

-0.3

-0.2

-0.1

0

0.1

0.2

0.3

SrGd2O4 10 K

Spinvert fit

Aij = Sx
i S

x
j

<latexit sha1_base64="2FmZKBHVKSPesPt0dbNO+2GT37Y=">AAAB+nicbVBNT8JAEJ3iF+JX0aOXRmLiibRqohcT1ItHDPKRYGm2ywIL222zu1VI5ad48aAxXv0l3vw3LtCDgi+Z5OW9mczM8yNGpbLtbyOztLyyupZdz21sbm3vmPndmgxjgUkVhywUDR9JwignVUUVI41IEBT4jNT9wfXErz8QIWnI79QoIm6Aupx2KEZKS56Zv/QS2h9fVDzaGla8fmvomQW7aE9hLRInJQVIUfbMr/t2iOOAcIUZkrLp2JFyEyQUxYyMc/exJBHCA9QlTU05Coh0k+npY+tQK22rEwpdXFlT9fdEggIpR4GvOwOkenLem4j/ec1Ydc7dhPIoVoTj2aJOzCwVWpMcrDYVBCs20gRhQfWtFu4hgbDSaeV0CM78y4ukdlx0TorO7WmhdJXGkYV9OIAjcOAMSnADZagChkd4hld4M56MF+Pd+Ji1Zox0Zg/+wPj8ARc5k+M=</latexit>

Bij = 2Sz
i S

z
j � Sx

i S
x
j

<latexit sha1_base64="jB8VdfVyRYykmQI2wc/A+6PGLL4=">AAACBnicbZDLSsNAFIYnXmu9RV2KMFgEN5akCroRSt24rNReoE3DZDppp51cmJlI29CVG1/FjQtF3PoM7nwbJ20W2vrDwMd/zuHM+Z2QUSEN41tbWl5ZXVvPbGQ3t7Z3dvW9/ZoIIo5JFQcs4A0HCcKoT6qSSkYaISfIcxipO4ObpF5/IFzQwL+Xo5BYHur61KUYSWXZ+lHJjml/cl2o2LQ9rtj99vgswWGCQ1vPGXljKrgIZgo5kKps61+tToAjj/gSMyRE0zRCacWIS4oZmWRbkSAhwgPUJU2FPvKIsOLpGRN4opwOdAOuni/h1P09ESNPiJHnqE4PyZ6YryXmf7VmJN0rK6Z+GEni49kiN2JQBjDJBHYoJ1iykQKEOVV/hbiHOMJSJZdVIZjzJy9CrZA3z/Pm3UWuWErjyIBDcAxOgQkuQRHcgjKoAgwewTN4BW/ak/aivWsfs9YlLZ05AH+kff4Asy2Yog==</latexit>

Diffuse scattering, RMC and mPDF

Spinvert
Paddison et al., J. Phys.: Condens. Matter 25, 454220 (2013)



T H E  E U R O P E A N  N E U T R O N  S O U R C E16th Oxford School on Neutron Scattering | Navid Qureshi

Short-range order

I(Q) = C[µf(Q)]2 · 1

N

X

i,j


Aij

sinQrij
Qrij

+Bij

✓
sinQrij
(Qrij)2

� cosQrij
(Qrij)2

◆�

<latexit sha1_base64="kawdHQwmyJilRGesczu/bZJ81oQ="></latexit>

‣ Ising anisotropy 

‣   

‣ 9x27x9 super cell, adapted to coherence volume on D4

gj
p
J(J + 1)µB = 7.94µB

<latexit sha1_base64="Gj/agneM+vPYShmQaZ5sFEflDYY=">AAACCnicbZDLSsNAFIYn9VbrLerSzWgRKkJJtFBdCKVupKsK9gJNCJPppB07uTgzEUro2o2v4saFIm59Ane+jdM0C63+MPDxn3M4c343YlRIw/jScguLS8sr+dXC2vrG5pa+vdMWYcwxaeGQhbzrIkEYDUhLUslIN+IE+S4jHXd0Oa137gkXNAxu5Dgito8GAfUoRlJZjr4/cG4tccdl0ig1js2jieXHTv0CVsvnFZiyoxeNspEK/gUzgyLI1HT0T6sf4tgngcQMCdEzjUjaCeKSYkYmBSsWJEJ4hAakpzBAPhF2kp4ygYfK6UMv5OoFEqbuz4kE+UKMfVd1+kgOxXxtav5X68XSO7MTGkSxJAGeLfJiBmUIp7nAPuUESzZWgDCn6q8QDxFHWKr0CioEc/7kv9A+KZunZfO6UqzVszjyYA8cgBIwQRXUwBVoghbA4AE8gRfwqj1qz9qb9j5rzWnZzC74Je3jGxbpmJQ=</latexit>

FT
0 1 2 3 4 5 6 7

-1

0

1

2

3

4

5

SrGd
2
O

4
 6 K

Spinvert fit

0 2 4 6 8 10 12 14 16 18

-0.5

-0.4

-0.3

-0.2

-0.1

0

0.1

0.2

0.3

SrGd2O4 6 K

Spinvert fit

Aij = Sx
i S

x
j

<latexit sha1_base64="2FmZKBHVKSPesPt0dbNO+2GT37Y=">AAAB+nicbVBNT8JAEJ3iF+JX0aOXRmLiibRqohcT1ItHDPKRYGm2ywIL222zu1VI5ad48aAxXv0l3vw3LtCDgi+Z5OW9mczM8yNGpbLtbyOztLyyupZdz21sbm3vmPndmgxjgUkVhywUDR9JwignVUUVI41IEBT4jNT9wfXErz8QIWnI79QoIm6Aupx2KEZKS56Zv/QS2h9fVDzaGla8fmvomQW7aE9hLRInJQVIUfbMr/t2iOOAcIUZkrLp2JFyEyQUxYyMc/exJBHCA9QlTU05Coh0k+npY+tQK22rEwpdXFlT9fdEggIpR4GvOwOkenLem4j/ec1Ydc7dhPIoVoTj2aJOzCwVWpMcrDYVBCs20gRhQfWtFu4hgbDSaeV0CM78y4ukdlx0TorO7WmhdJXGkYV9OIAjcOAMSnADZagChkd4hld4M56MF+Pd+Ji1Zox0Zg/+wPj8ARc5k+M=</latexit>

Bij = 2Sz
i S

z
j � Sx

i S
x
j

<latexit sha1_base64="jB8VdfVyRYykmQI2wc/A+6PGLL4=">AAACBnicbZDLSsNAFIYnXmu9RV2KMFgEN5akCroRSt24rNReoE3DZDppp51cmJlI29CVG1/FjQtF3PoM7nwbJ20W2vrDwMd/zuHM+Z2QUSEN41tbWl5ZXVvPbGQ3t7Z3dvW9/ZoIIo5JFQcs4A0HCcKoT6qSSkYaISfIcxipO4ObpF5/IFzQwL+Xo5BYHur61KUYSWXZ+lHJjml/cl2o2LQ9rtj99vgswWGCQ1vPGXljKrgIZgo5kKps61+tToAjj/gSMyRE0zRCacWIS4oZmWRbkSAhwgPUJU2FPvKIsOLpGRN4opwOdAOuni/h1P09ESNPiJHnqE4PyZ6YryXmf7VmJN0rK6Z+GEni49kiN2JQBjDJBHYoJ1iykQKEOVV/hbiHOMJSJZdVIZjzJy9CrZA3z/Pm3UWuWErjyIBDcAxOgQkuQRHcgjKoAgwewTN4BW/ak/aivWsfs9YlLZ05AH+kff4Asy2Yog==</latexit>

Diffuse scattering, RMC and mPDF

Spinvert
Paddison et al., J. Phys.: Condens. Matter 25, 454220 (2013)



T H E  E U R O P E A N  N E U T R O N  S O U R C E16th Oxford School on Neutron Scattering | Navid Qureshi

Short-range order

I(Q) = C[µf(Q)]2 · 1

N

X

i,j


Aij

sinQrij
Qrij

+Bij

✓
sinQrij
(Qrij)2

� cosQrij
(Qrij)2

◆�

<latexit sha1_base64="kawdHQwmyJilRGesczu/bZJ81oQ="></latexit>

‣ Ising anisotropy 

‣   

‣ 9x27x9 super cell, adapted to coherence volume on D4

gj
p
J(J + 1)µB = 7.94µB

<latexit sha1_base64="Gj/agneM+vPYShmQaZ5sFEflDYY=">AAACCnicbZDLSsNAFIYn9VbrLerSzWgRKkJJtFBdCKVupKsK9gJNCJPppB07uTgzEUro2o2v4saFIm59Ane+jdM0C63+MPDxn3M4c343YlRIw/jScguLS8sr+dXC2vrG5pa+vdMWYcwxaeGQhbzrIkEYDUhLUslIN+IE+S4jHXd0Oa137gkXNAxu5Dgito8GAfUoRlJZjr4/cG4tccdl0ig1js2jieXHTv0CVsvnFZiyoxeNspEK/gUzgyLI1HT0T6sf4tgngcQMCdEzjUjaCeKSYkYmBSsWJEJ4hAakpzBAPhF2kp4ygYfK6UMv5OoFEqbuz4kE+UKMfVd1+kgOxXxtav5X68XSO7MTGkSxJAGeLfJiBmUIp7nAPuUESzZWgDCn6q8QDxFHWKr0CioEc/7kv9A+KZunZfO6UqzVszjyYA8cgBIwQRXUwBVoghbA4AE8gRfwqj1qz9qb9j5rzWnZzC74Je3jGxbpmJQ=</latexit>

FT
0 1 2 3 4 5 6 7

-1

0

1

2

3

4

5

SrGd
2
O

4
 4.1 K

Spinvert fit

0 2 4 6 8 10 12 14 16 18

-0.5

-0.4

-0.3

-0.2

-0.1

0

0.1

0.2

0.3

SrGd2O4 4.1 K

Spinvert fit

Aij = Sx
i S

x
j

<latexit sha1_base64="2FmZKBHVKSPesPt0dbNO+2GT37Y=">AAAB+nicbVBNT8JAEJ3iF+JX0aOXRmLiibRqohcT1ItHDPKRYGm2ywIL222zu1VI5ad48aAxXv0l3vw3LtCDgi+Z5OW9mczM8yNGpbLtbyOztLyyupZdz21sbm3vmPndmgxjgUkVhywUDR9JwignVUUVI41IEBT4jNT9wfXErz8QIWnI79QoIm6Aupx2KEZKS56Zv/QS2h9fVDzaGla8fmvomQW7aE9hLRInJQVIUfbMr/t2iOOAcIUZkrLp2JFyEyQUxYyMc/exJBHCA9QlTU05Coh0k+npY+tQK22rEwpdXFlT9fdEggIpR4GvOwOkenLem4j/ec1Ydc7dhPIoVoTj2aJOzCwVWpMcrDYVBCs20gRhQfWtFu4hgbDSaeV0CM78y4ukdlx0TorO7WmhdJXGkYV9OIAjcOAMSnADZagChkd4hld4M56MF+Pd+Ji1Zox0Zg/+wPj8ARc5k+M=</latexit>

Bij = 2Sz
i S

z
j � Sx

i S
x
j

<latexit sha1_base64="jB8VdfVyRYykmQI2wc/A+6PGLL4=">AAACBnicbZDLSsNAFIYnXmu9RV2KMFgEN5akCroRSt24rNReoE3DZDppp51cmJlI29CVG1/FjQtF3PoM7nwbJ20W2vrDwMd/zuHM+Z2QUSEN41tbWl5ZXVvPbGQ3t7Z3dvW9/ZoIIo5JFQcs4A0HCcKoT6qSSkYaISfIcxipO4ObpF5/IFzQwL+Xo5BYHur61KUYSWXZ+lHJjml/cl2o2LQ9rtj99vgswWGCQ1vPGXljKrgIZgo5kKps61+tToAjj/gSMyRE0zRCacWIS4oZmWRbkSAhwgPUJU2FPvKIsOLpGRN4opwOdAOuni/h1P09ESNPiJHnqE4PyZ6YryXmf7VmJN0rK6Z+GEni49kiN2JQBjDJBHYoJ1iykQKEOVV/hbiHOMJSJZdVIZjzJy9CrZA3z/Pm3UWuWErjyIBDcAxOgQkuQRHcgjKoAgwewTN4BW/ak/aivWsfs9YlLZ05AH+kff4Asy2Yog==</latexit>

Diffuse scattering, RMC and mPDF

Spinvert
Paddison et al., J. Phys.: Condens. Matter 25, 454220 (2013)



T H E  E U R O P E A N  N E U T R O N  S O U R C E16th Oxford School on Neutron Scattering | Navid Qureshi

Short-range order

I(Q) = C[µf(Q)]2 · 1

N

X

i,j


Aij

sinQrij
Qrij

+Bij

✓
sinQrij
(Qrij)2

� cosQrij
(Qrij)2

◆�

<latexit sha1_base64="kawdHQwmyJilRGesczu/bZJ81oQ="></latexit>

‣ Ising anisotropy 

‣   

‣ 9x27x9 super cell, adapted to coherence volume on D4

gj
p
J(J + 1)µB = 7.94µB

<latexit sha1_base64="Gj/agneM+vPYShmQaZ5sFEflDYY=">AAACCnicbZDLSsNAFIYn9VbrLerSzWgRKkJJtFBdCKVupKsK9gJNCJPppB07uTgzEUro2o2v4saFIm59Ane+jdM0C63+MPDxn3M4c343YlRIw/jScguLS8sr+dXC2vrG5pa+vdMWYcwxaeGQhbzrIkEYDUhLUslIN+IE+S4jHXd0Oa137gkXNAxu5Dgito8GAfUoRlJZjr4/cG4tccdl0ig1js2jieXHTv0CVsvnFZiyoxeNspEK/gUzgyLI1HT0T6sf4tgngcQMCdEzjUjaCeKSYkYmBSsWJEJ4hAakpzBAPhF2kp4ygYfK6UMv5OoFEqbuz4kE+UKMfVd1+kgOxXxtav5X68XSO7MTGkSxJAGeLfJiBmUIp7nAPuUESzZWgDCn6q8QDxFHWKr0CioEc/7kv9A+KZunZfO6UqzVszjyYA8cgBIwQRXUwBVoghbA4AE8gRfwqj1qz9qb9j5rzWnZzC74Je3jGxbpmJQ=</latexit>

FT
0 1 2 3 4 5 6 7

-1

0

1

2

3

4

5

SrGd
2
O

4
 3.2 K

Spinvert fit

0 2 4 6 8 10 12 14 16 18

-0.5

-0.4

-0.3

-0.2

-0.1

0

0.1

0.2

0.3

SrGd2O4 3.2 K

Spinvert fit

Aij = Sx
i S

x
j

<latexit sha1_base64="2FmZKBHVKSPesPt0dbNO+2GT37Y=">AAAB+nicbVBNT8JAEJ3iF+JX0aOXRmLiibRqohcT1ItHDPKRYGm2ywIL222zu1VI5ad48aAxXv0l3vw3LtCDgi+Z5OW9mczM8yNGpbLtbyOztLyyupZdz21sbm3vmPndmgxjgUkVhywUDR9JwignVUUVI41IEBT4jNT9wfXErz8QIWnI79QoIm6Aupx2KEZKS56Zv/QS2h9fVDzaGla8fmvomQW7aE9hLRInJQVIUfbMr/t2iOOAcIUZkrLp2JFyEyQUxYyMc/exJBHCA9QlTU05Coh0k+npY+tQK22rEwpdXFlT9fdEggIpR4GvOwOkenLem4j/ec1Ydc7dhPIoVoTj2aJOzCwVWpMcrDYVBCs20gRhQfWtFu4hgbDSaeV0CM78y4ukdlx0TorO7WmhdJXGkYV9OIAjcOAMSnADZagChkd4hld4M56MF+Pd+Ji1Zox0Zg/+wPj8ARc5k+M=</latexit>

Bij = 2Sz
i S

z
j � Sx

i S
x
j

<latexit sha1_base64="jB8VdfVyRYykmQI2wc/A+6PGLL4=">AAACBnicbZDLSsNAFIYnXmu9RV2KMFgEN5akCroRSt24rNReoE3DZDppp51cmJlI29CVG1/FjQtF3PoM7nwbJ20W2vrDwMd/zuHM+Z2QUSEN41tbWl5ZXVvPbGQ3t7Z3dvW9/ZoIIo5JFQcs4A0HCcKoT6qSSkYaISfIcxipO4ObpF5/IFzQwL+Xo5BYHur61KUYSWXZ+lHJjml/cl2o2LQ9rtj99vgswWGCQ1vPGXljKrgIZgo5kKps61+tToAjj/gSMyRE0zRCacWIS4oZmWRbkSAhwgPUJU2FPvKIsOLpGRN4opwOdAOuni/h1P09ESNPiJHnqE4PyZ6YryXmf7VmJN0rK6Z+GEni49kiN2JQBjDJBHYoJ1iykQKEOVV/hbiHOMJSJZdVIZjzJy9CrZA3z/Pm3UWuWErjyIBDcAxOgQkuQRHcgjKoAgwewTN4BW/ak/aivWsfs9YlLZ05AH+kff4Asy2Yog==</latexit>

Diffuse scattering, RMC and mPDF

Spinvert
Paddison et al., J. Phys.: Condens. Matter 25, 454220 (2013)



T H E  E U R O P E A N  N E U T R O N  S O U R C E16th Oxford School on Neutron Scattering | Navid Qureshi

Short-range order

I(Q) = C[µf(Q)]2 · 1

N

X

i,j


Aij

sinQrij
Qrij

+Bij

✓
sinQrij
(Qrij)2

� cosQrij
(Qrij)2

◆�

<latexit sha1_base64="kawdHQwmyJilRGesczu/bZJ81oQ="></latexit>

‣ Ising anisotropy 

‣   

‣ 9x27x9 super cell, adapted to coherence volume on D4

gj
p
J(J + 1)µB = 7.94µB

<latexit sha1_base64="Gj/agneM+vPYShmQaZ5sFEflDYY=">AAACCnicbZDLSsNAFIYn9VbrLerSzWgRKkJJtFBdCKVupKsK9gJNCJPppB07uTgzEUro2o2v4saFIm59Ane+jdM0C63+MPDxn3M4c343YlRIw/jScguLS8sr+dXC2vrG5pa+vdMWYcwxaeGQhbzrIkEYDUhLUslIN+IE+S4jHXd0Oa137gkXNAxu5Dgito8GAfUoRlJZjr4/cG4tccdl0ig1js2jieXHTv0CVsvnFZiyoxeNspEK/gUzgyLI1HT0T6sf4tgngcQMCdEzjUjaCeKSYkYmBSsWJEJ4hAakpzBAPhF2kp4ygYfK6UMv5OoFEqbuz4kE+UKMfVd1+kgOxXxtav5X68XSO7MTGkSxJAGeLfJiBmUIp7nAPuUESzZWgDCn6q8QDxFHWKr0CioEc/7kv9A+KZunZfO6UqzVszjyYA8cgBIwQRXUwBVoghbA4AE8gRfwqj1qz9qb9j5rzWnZzC74Je3jGxbpmJQ=</latexit>

FT
0 1 2 3 4 5 6 7

-1

0

1

2

3

4

5

SrGd
2
O

4
 2.4 K

Spinvert fit

0 2 4 6 8 10 12 14 16 18

-0.5

-0.4

-0.3

-0.2

-0.1

0

0.1

0.2

0.3

SrGd2O4 2.4 K

Spinvert fit

Aij = Sx
i S

x
j

<latexit sha1_base64="2FmZKBHVKSPesPt0dbNO+2GT37Y=">AAAB+nicbVBNT8JAEJ3iF+JX0aOXRmLiibRqohcT1ItHDPKRYGm2ywIL222zu1VI5ad48aAxXv0l3vw3LtCDgi+Z5OW9mczM8yNGpbLtbyOztLyyupZdz21sbm3vmPndmgxjgUkVhywUDR9JwignVUUVI41IEBT4jNT9wfXErz8QIWnI79QoIm6Aupx2KEZKS56Zv/QS2h9fVDzaGla8fmvomQW7aE9hLRInJQVIUfbMr/t2iOOAcIUZkrLp2JFyEyQUxYyMc/exJBHCA9QlTU05Coh0k+npY+tQK22rEwpdXFlT9fdEggIpR4GvOwOkenLem4j/ec1Ydc7dhPIoVoTj2aJOzCwVWpMcrDYVBCs20gRhQfWtFu4hgbDSaeV0CM78y4ukdlx0TorO7WmhdJXGkYV9OIAjcOAMSnADZagChkd4hld4M56MF+Pd+Ji1Zox0Zg/+wPj8ARc5k+M=</latexit>

Bij = 2Sz
i S

z
j � Sx

i S
x
j

<latexit sha1_base64="jB8VdfVyRYykmQI2wc/A+6PGLL4=">AAACBnicbZDLSsNAFIYnXmu9RV2KMFgEN5akCroRSt24rNReoE3DZDppp51cmJlI29CVG1/FjQtF3PoM7nwbJ20W2vrDwMd/zuHM+Z2QUSEN41tbWl5ZXVvPbGQ3t7Z3dvW9/ZoIIo5JFQcs4A0HCcKoT6qSSkYaISfIcxipO4ObpF5/IFzQwL+Xo5BYHur61KUYSWXZ+lHJjml/cl2o2LQ9rtj99vgswWGCQ1vPGXljKrgIZgo5kKps61+tToAjj/gSMyRE0zRCacWIS4oZmWRbkSAhwgPUJU2FPvKIsOLpGRN4opwOdAOuni/h1P09ESNPiJHnqE4PyZ6YryXmf7VmJN0rK6Z+GEni49kiN2JQBjDJBHYoJ1iykQKEOVV/hbiHOMJSJZdVIZjzJy9CrZA3z/Pm3UWuWErjyIBDcAxOgQkuQRHcgjKoAgwewTN4BW/ak/aivWsfs9YlLZ05AH+kff4Asy2Yog==</latexit>

Diffuse scattering, RMC and mPDF

Spinvert
Paddison et al., J. Phys.: Condens. Matter 25, 454220 (2013)



T H E  E U R O P E A N  N E U T R O N  S O U R C E16th Oxford School on Neutron Scattering | Navid Qureshi

Short-range order

I(Q) = C[µf(Q)]2 · 1

N

X

i,j


Aij

sinQrij
Qrij

+Bij

✓
sinQrij
(Qrij)2

� cosQrij
(Qrij)2

◆�

<latexit sha1_base64="kawdHQwmyJilRGesczu/bZJ81oQ="></latexit>

‣ Ising anisotropy 

‣   

‣ 9x27x9 super cell, adapted to coherence volume on D4

gj
p
J(J + 1)µB = 7.94µB

<latexit sha1_base64="Gj/agneM+vPYShmQaZ5sFEflDYY=">AAACCnicbZDLSsNAFIYn9VbrLerSzWgRKkJJtFBdCKVupKsK9gJNCJPppB07uTgzEUro2o2v4saFIm59Ane+jdM0C63+MPDxn3M4c343YlRIw/jScguLS8sr+dXC2vrG5pa+vdMWYcwxaeGQhbzrIkEYDUhLUslIN+IE+S4jHXd0Oa137gkXNAxu5Dgito8GAfUoRlJZjr4/cG4tccdl0ig1js2jieXHTv0CVsvnFZiyoxeNspEK/gUzgyLI1HT0T6sf4tgngcQMCdEzjUjaCeKSYkYmBSsWJEJ4hAakpzBAPhF2kp4ygYfK6UMv5OoFEqbuz4kE+UKMfVd1+kgOxXxtav5X68XSO7MTGkSxJAGeLfJiBmUIp7nAPuUESzZWgDCn6q8QDxFHWKr0CioEc/7kv9A+KZunZfO6UqzVszjyYA8cgBIwQRXUwBVoghbA4AE8gRfwqj1qz9qb9j5rzWnZzC74Je3jGxbpmJQ=</latexit>

FT
0 1 2 3 4 5 6 7

-1

0

1

2

3

4

5

SrGd
2
O

4
 2.2 K

Spinvert fit

0 2 4 6 8 10 12 14 16 18

-0.5

-0.4

-0.3

-0.2

-0.1

0

0.1

0.2

0.3

SrGd2O4 2.2 K

Spinvert fit

Aij = Sx
i S

x
j

<latexit sha1_base64="2FmZKBHVKSPesPt0dbNO+2GT37Y=">AAAB+nicbVBNT8JAEJ3iF+JX0aOXRmLiibRqohcT1ItHDPKRYGm2ywIL222zu1VI5ad48aAxXv0l3vw3LtCDgi+Z5OW9mczM8yNGpbLtbyOztLyyupZdz21sbm3vmPndmgxjgUkVhywUDR9JwignVUUVI41IEBT4jNT9wfXErz8QIWnI79QoIm6Aupx2KEZKS56Zv/QS2h9fVDzaGla8fmvomQW7aE9hLRInJQVIUfbMr/t2iOOAcIUZkrLp2JFyEyQUxYyMc/exJBHCA9QlTU05Coh0k+npY+tQK22rEwpdXFlT9fdEggIpR4GvOwOkenLem4j/ec1Ydc7dhPIoVoTj2aJOzCwVWpMcrDYVBCs20gRhQfWtFu4hgbDSaeV0CM78y4ukdlx0TorO7WmhdJXGkYV9OIAjcOAMSnADZagChkd4hld4M56MF+Pd+Ji1Zox0Zg/+wPj8ARc5k+M=</latexit>

Bij = 2Sz
i S

z
j � Sx

i S
x
j

<latexit sha1_base64="jB8VdfVyRYykmQI2wc/A+6PGLL4=">AAACBnicbZDLSsNAFIYnXmu9RV2KMFgEN5akCroRSt24rNReoE3DZDppp51cmJlI29CVG1/FjQtF3PoM7nwbJ20W2vrDwMd/zuHM+Z2QUSEN41tbWl5ZXVvPbGQ3t7Z3dvW9/ZoIIo5JFQcs4A0HCcKoT6qSSkYaISfIcxipO4ObpF5/IFzQwL+Xo5BYHur61KUYSWXZ+lHJjml/cl2o2LQ9rtj99vgswWGCQ1vPGXljKrgIZgo5kKps61+tToAjj/gSMyRE0zRCacWIS4oZmWRbkSAhwgPUJU2FPvKIsOLpGRN4opwOdAOuni/h1P09ESNPiJHnqE4PyZ6YryXmf7VmJN0rK6Z+GEni49kiN2JQBjDJBHYoJ1iykQKEOVV/hbiHOMJSJZdVIZjzJy9CrZA3z/Pm3UWuWErjyIBDcAxOgQkuQRHcgjKoAgwewTN4BW/ak/aivWsfs9YlLZ05AH+kff4Asy2Yog==</latexit>

Diffuse scattering, RMC and mPDF

Spinvert
Paddison et al., J. Phys.: Condens. Matter 25, 454220 (2013)



T H E  E U R O P E A N  N E U T R O N  S O U R C E16th Oxford School on Neutron Scattering | Navid Qureshi

Short-range order

I(Q) = C[µf(Q)]2 · 1

N

X
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<latexit sha1_base64="kawdHQwmyJilRGesczu/bZJ81oQ="></latexit>

‣ Ising anisotropy 

‣   

‣ 9x27x9 super cell, adapted to coherence volume on D4

gj
p
J(J + 1)µB = 7.94µB

<latexit sha1_base64="Gj/agneM+vPYShmQaZ5sFEflDYY=">AAACCnicbZDLSsNAFIYn9VbrLerSzWgRKkJJtFBdCKVupKsK9gJNCJPppB07uTgzEUro2o2v4saFIm59Ane+jdM0C63+MPDxn3M4c343YlRIw/jScguLS8sr+dXC2vrG5pa+vdMWYcwxaeGQhbzrIkEYDUhLUslIN+IE+S4jHXd0Oa137gkXNAxu5Dgito8GAfUoRlJZjr4/cG4tccdl0ig1js2jieXHTv0CVsvnFZiyoxeNspEK/gUzgyLI1HT0T6sf4tgngcQMCdEzjUjaCeKSYkYmBSsWJEJ4hAakpzBAPhF2kp4ygYfK6UMv5OoFEqbuz4kE+UKMfVd1+kgOxXxtav5X68XSO7MTGkSxJAGeLfJiBmUIp7nAPuUESzZWgDCn6q8QDxFHWKr0CioEc/7kv9A+KZunZfO6UqzVszjyYA8cgBIwQRXUwBVoghbA4AE8gRfwqj1qz9qb9j5rzWnZzC74Je3jGxbpmJQ=</latexit>
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i S

x
j

<latexit sha1_base64="2FmZKBHVKSPesPt0dbNO+2GT37Y=">AAAB+nicbVBNT8JAEJ3iF+JX0aOXRmLiibRqohcT1ItHDPKRYGm2ywIL222zu1VI5ad48aAxXv0l3vw3LtCDgi+Z5OW9mczM8yNGpbLtbyOztLyyupZdz21sbm3vmPndmgxjgUkVhywUDR9JwignVUUVI41IEBT4jNT9wfXErz8QIWnI79QoIm6Aupx2KEZKS56Zv/QS2h9fVDzaGla8fmvomQW7aE9hLRInJQVIUfbMr/t2iOOAcIUZkrLp2JFyEyQUxYyMc/exJBHCA9QlTU05Coh0k+npY+tQK22rEwpdXFlT9fdEggIpR4GvOwOkenLem4j/ec1Ydc7dhPIoVoTj2aJOzCwVWpMcrDYVBCs20gRhQfWtFu4hgbDSaeV0CM78y4ukdlx0TorO7WmhdJXGkYV9OIAjcOAMSnADZagChkd4hld4M56MF+Pd+Ji1Zox0Zg/+wPj8ARc5k+M=</latexit>
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<latexit sha1_base64="jB8VdfVyRYykmQI2wc/A+6PGLL4=">AAACBnicbZDLSsNAFIYnXmu9RV2KMFgEN5akCroRSt24rNReoE3DZDppp51cmJlI29CVG1/FjQtF3PoM7nwbJ20W2vrDwMd/zuHM+Z2QUSEN41tbWl5ZXVvPbGQ3t7Z3dvW9/ZoIIo5JFQcs4A0HCcKoT6qSSkYaISfIcxipO4ObpF5/IFzQwL+Xo5BYHur61KUYSWXZ+lHJjml/cl2o2LQ9rtj99vgswWGCQ1vPGXljKrgIZgo5kKps61+tToAjj/gSMyRE0zRCacWIS4oZmWRbkSAhwgPUJU2FPvKIsOLpGRN4opwOdAOuni/h1P09ESNPiJHnqE4PyZ6YryXmf7VmJN0rK6Z+GEni49kiN2JQBjDJBHYoJ1iykQKEOVV/hbiHOMJSJZdVIZjzJy9CrZA3z/Pm3UWuWErjyIBDcAxOgQkuQRHcgjKoAgwewTN4BW/ak/aivWsfs9YlLZ05AH+kff4Asy2Yog==</latexit>
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Paddison et al., J. Phys.: Condens. Matter 25, 454220 (2013)
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Large-scale structures
Small angle neutron scattering (SANS)

‣ Large-scale structures up to 5000 Å —> low q —> SANS 

‣ Skyrmions (particle-like objects described as magnetic 

hedgehogs)  

‣ Flux line lattices in superconductors

Mühlbauer et al., Science 323 915 (2011)

taken from riken.jp

Dewhurst et al., Physica B 385 176 (2006)
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Phonons and magnons
Inelastic neutron scattering

‣ Lattice dynamics, atomic forces 

‣ Spin waves, magnetic exchange parameters

Lynn et al., Phys. Rev. B 8 3493 (1973)

Senff et al., J. Phys.: Condens. Matt. 20 434212 (2008)
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