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Goal of this talk

- What is Small-Angle Neutron Scattering (SANS) and how can we 
use it with polarized neutrons to gain insights into magnetic 

properties of materials?



The neutron properties are well tuned to study materials

- No charge 

- Mass = 1.67492*10-27 kg

- Lifetime ~ 15 min

- Spin = 1/2



As a crude approximation, a spin can be seen as an intrinsic angular 
momentum (“spinning”) that produces a magnetization

≈



Generally, a neutron scattering experiment consists of counting the 
number of neutrons scattered by a sample in different directions.

For this talk, we assume elastic scattering only
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Scattered Neutron beam 
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Momentum transfer 

Incident Neutron beam
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Neutron cross-sections are helpful to characterize the strength of 
interaction between the sample and the neutron

Incident Neutron beam
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Scattered Neutron beam 


Total Cross-section Differential Cross-section
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Number of neutrons scattered in all directions per second

Incident flux (I0)

Number of neutrons scattered per sec. into a solid angle 

Incident flux (I0)
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Momentum transfer 

Units of area in barns (1 barn = 10-28 m2) Units are barns/steradian

** A macroscopic diff. cross-section is often used, which divides the diff. cross-section by the volume of the sample.
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A neutron interacts with the atoms within a material  
via 2 different ways

Nuclear Interaction Magnetic Dipole-Dipole Interaction 
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Atom

b: Neutron Scattering length (~ 1fm = 1e-15 m)

Atom



The neutron differential cross-section probes the Fourier transformation 
of the density (𝜌) and magnetization (M) of a material
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Nuclear Scattering Density Magnetization Density

Incident Neutron beam
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Scattered Neutron beam 
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<latexit sha1_base64="1Iu6nNVOK7Dd3B50ulIRsJfKGQ4=">AAACCHicbZDLSsNAFIZP6q3WW9SlCweL4MaSiKgboejGZQv2Am0ok+mkHTq5MDMplJClG1/FjQtF3PoI7nwbp2kEbf1h4OM/53Dm/G7EmVSW9WUUlpZXVteK66WNza3tHXN3rynDWBDaICEPRdvFknIW0IZiitN2JCj2XU5b7uh2Wm+NqZAsDO7VJKKOjwcB8xjBSls987A7piSpp+gaZTTqsRSd/rCX9syyVbEyoUWwcyhDrlrP/Oz2QxL7NFCEYyk7thUpJ8FCMcJpWurGkkaYjPCAdjQG2KfSSbJDUnSsnT7yQqFfoFDm/p5IsC/lxHd1p4/VUM7XpuZ/tU6svCsnYUEUKxqQ2SIv5kiFaJoK6jNBieITDZgIpv+KyBALTJTOrqRDsOdPXoTmWcW+qNj183L1Jo+jCAdwBCdgwyVU4Q5q0AACD/AEL/BqPBrPxpvxPmstGPnMPvyR8fEN1h+ZOw==</latexit>

~Q = ~ki � ~kf

<latexit sha1_base64="1Iu6nNVOK7Dd3B50ulIRsJfKGQ4=">AAACCHicbZDLSsNAFIZP6q3WW9SlCweL4MaSiKgboejGZQv2Am0ok+mkHTq5MDMplJClG1/FjQtF3PoI7nwbp2kEbf1h4OM/53Dm/G7EmVSW9WUUlpZXVteK66WNza3tHXN3rynDWBDaICEPRdvFknIW0IZiitN2JCj2XU5b7uh2Wm+NqZAsDO7VJKKOjwcB8xjBSls987A7piSpp+gaZTTqsRSd/rCX9syyVbEyoUWwcyhDrlrP/Oz2QxL7NFCEYyk7thUpJ8FCMcJpWurGkkaYjPCAdjQG2KfSSbJDUnSsnT7yQqFfoFDm/p5IsC/lxHd1p4/VUM7XpuZ/tU6svCsnYUEUKxqQ2SIv5kiFaJoK6jNBieITDZgIpv+KyBALTJTOrqRDsOdPXoTmWcW+qNj183L1Jo+jCAdwBCdgwyVU4Q5q0AACD/AEL/BqPBrPxpvxPmstGPnMPvyR8fEN1h+ZOw==</latexit>

~Q = ~ki � ~kf

Nuclear Neutron diff. Cross-section Magnetic Neutron diff. Cross-section

<latexit sha1_base64="1bpuAqteTEQcHe1RkF22QUILzj8=">AAACCXicbZDLSgMxFIbPeK31NurSTbAIbiwzIupGKLpx2YK9QDuUTJppQzOZIckUyjBbN76KGxeKuPUN3Pk2pu0I2vpD4Mt/ziE5vx9zprTjfFlLyyura+uFjeLm1vbOrr2331BRIgmtk4hHsuVjRTkTtK6Z5rQVS4pDn9OmP7yd1JsjKhWLxL0ex9QLcV+wgBGsjdW1UWdESVrL0PWMht0gQ6fo58Kyrl1yys5UaBHcHEqQq9q1Pzu9iCQhFZpwrFTbdWLtpVhqRjjNip1E0RiTIe7TtkGBQ6q8dLpJho6N00NBJM0RGk3d3xMpDpUah77pDLEeqPnaxPyv1k50cOWlTMSJpoLMHgoSjnSEJrGgHpOUaD42gIlk5q+IDLDERJvwiiYEd37lRWicld2Lsls7L1Vu8jgKcAhHcAIuXEIF7qAKdSDwAE/wAq/Wo/VsvVnvs9YlK585gD+yPr4BNHiZZQ==</latexit>

~Q = ~kf � ~ki



SANS: Small-Angle (low Q) neutron scattering is a technique 
designed to probe “long” length scale structures.

Liu, Dong et al. "Current progresses of small-angle neutron scattering on soft-matters investigation." Nuclear Analysis (2022): 100011.

Incident Neutron beam

<latexit sha1_base64="1Iu6nNVOK7Dd3B50ulIRsJfKGQ4=">AAACCHicbZDLSsNAFIZP6q3WW9SlCweL4MaSiKgboejGZQv2Am0ok+mkHTq5MDMplJClG1/FjQtF3PoI7nwbp2kEbf1h4OM/53Dm/G7EmVSW9WUUlpZXVteK66WNza3tHXN3rynDWBDaICEPRdvFknIW0IZiitN2JCj2XU5b7uh2Wm+NqZAsDO7VJKKOjwcB8xjBSls987A7piSpp+gaZTTqsRSd/rCX9syyVbEyoUWwcyhDrlrP/Oz2QxL7NFCEYyk7thUpJ8FCMcJpWurGkkaYjPCAdjQG2KfSSbJDUnSsnT7yQqFfoFDm/p5IsC/lxHd1p4/VUM7XpuZ/tU6svCsnYUEUKxqQ2SIv5kiFaJoK6jNBieITDZgIpv+KyBALTJTOrqRDsOdPXoTmWcW+qNj183L1Jo+jCAdwBCdgwyVU4Q5q0AACD/AEL/BqPBrPxpvxPmstGPnMPvyR8fEN1h+ZOw==</latexit>

~Q = ~ki � ~kf

D (length scale) ~ 1 to 10 000 nm

Scattered Neutron beam 


<latexit sha1_base64="1Iu6nNVOK7Dd3B50ulIRsJfKGQ4=">AAACCHicbZDLSsNAFIZP6q3WW9SlCweL4MaSiKgboejGZQv2Am0ok+mkHTq5MDMplJClG1/FjQtF3PoI7nwbp2kEbf1h4OM/53Dm/G7EmVSW9WUUlpZXVteK66WNza3tHXN3rynDWBDaICEPRdvFknIW0IZiitN2JCj2XU5b7uh2Wm+NqZAsDO7VJKKOjwcB8xjBSls987A7piSpp+gaZTTqsRSd/rCX9syyVbEyoUWwcyhDrlrP/Oz2QxL7NFCEYyk7thUpJ8FCMcJpWurGkkaYjPCAdjQG2KfSSbJDUnSsnT7yQqFfoFDm/p5IsC/lxHd1p4/VUM7XpuZ/tU6svCsnYUEUKxqQ2SIv5kiFaJoK6jNBieITDZgIpv+KyBALTJTOrqRDsOdPXoTmWcW+qNj183L1Jo+jCAdwBCdgwyVU4Q5q0AACD/AEL/BqPBrPxpvxPmstGPnMPvyR8fEN1h+ZOw==</latexit>

~Q = ~ki � ~kf

<latexit sha1_base64="TGLkOrx5D3Z9UR182suh02TXTZY=">AAACBHicbVC7SgNBFL0bXzG+Vi3TDAbBKuwGURshqIVlAuYB2RBmJ7PJkNkHM7OBsNnCxl+xsVDE1o+w82+cJFto4oELh3Pu5d573IgzqSzr28itrW9sbuW3Czu7e/sH5uFRU4axILRBQh6Ktosl5SygDcUUp+1IUOy7nLbc0e3Mb42pkCwMHtQkol0fDwLmMYKVlnpm8Q5dI8cTmCQV5EQsTabOmJKknk7TnlmyytYcaJXYGSlBhlrP/HL6IYl9GijCsZQd24pUN8FCMcJpWnBiSSNMRnhAO5oG2Keym8yfSNGpVvrIC4WuQKG5+nsiwb6UE9/VnT5WQ7nszcT/vE6svKtuwoIoVjQgi0VezJEK0SwR1GeCEsUnmmAimL4VkSHWiSidW0GHYC+/vEqalbJ9Ubbr56XqTRZHHopwAmdgwyVU4R5q0AACj/AMr/BmPBkvxrvxsWjNGdnMMfyB8fkDGw+Xyg==</latexit>

D =
2⇡

| ~Q|

<latexit sha1_base64="RVoVjrXzeCLTC7JvCd7hp2MvsnU=">AAACFHicbVDLSsNAFJ3UV62vqks3g0WoCCUpom6EohuXLdgHNKFMppN26GQSZm6EEvIRbvwVNy4UcevCnX/j9LHQ1gMXDufcy733+LHgGmz728qtrK6tb+Q3C1vbO7t7xf2Dlo4SRVmTRiJSHZ9oJrhkTeAgWCdWjIS+YG1/dDvx2w9MaR7JexjHzAvJQPKAUwJG6hXPGvgaV/EIay7LbqAITV0YMiBZWs1Osat5aMyZ1CuW7Io9BV4mzpyU0Bz1XvHL7Uc0CZkEKojWXceOwUuJAk4FywpuollM6IgMWNdQSUKmvXT6VIZPjNLHQaRMScBT9fdESkKtx6FvOkMCQ73oTcT/vG4CwZWXchknwCSdLQoSgSHCk4RwnytGQYwNIVRxcyumQ2KSAZNjwYTgLL68TFrVinNRcRrnpdrNPI48OkLHqIwcdIlq6A7VURNR9Iie0St6s56sF+vd+pi15qz5zCH6A+vzBy6mnRM=</latexit>

Q = 2ksin(
✓

2
) ⇠ k✓

<latexit sha1_base64="1Iu6nNVOK7Dd3B50ulIRsJfKGQ4=">AAACCHicbZDLSsNAFIZP6q3WW9SlCweL4MaSiKgboejGZQv2Am0ok+mkHTq5MDMplJClG1/FjQtF3PoI7nwbp2kEbf1h4OM/53Dm/G7EmVSW9WUUlpZXVteK66WNza3tHXN3rynDWBDaICEPRdvFknIW0IZiitN2JCj2XU5b7uh2Wm+NqZAsDO7VJKKOjwcB8xjBSls987A7piSpp+gaZTTqsRSd/rCX9syyVbEyoUWwcyhDrlrP/Oz2QxL7NFCEYyk7thUpJ8FCMcJpWurGkkaYjPCAdjQG2KfSSbJDUnSsnT7yQqFfoFDm/p5IsC/lxHd1p4/VUM7XpuZ/tU6svCsnYUEUKxqQ2SIv5kiFaJoK6jNBieITDZgIpv+KyBALTJTOrqRDsOdPXoTmWcW+qNj183L1Jo+jCAdwBCdgwyVU4Q5q0AACD/AEL/BqPBrPxpvxPmstGPnMPvyR8fEN1h+ZOw==</latexit>

~Q = ~ki � ~kf

<latexit sha1_base64="1Iu6nNVOK7Dd3B50ulIRsJfKGQ4=">AAACCHicbZDLSsNAFIZP6q3WW9SlCweL4MaSiKgboejGZQv2Am0ok+mkHTq5MDMplJClG1/FjQtF3PoI7nwbp2kEbf1h4OM/53Dm/G7EmVSW9WUUlpZXVteK66WNza3tHXN3rynDWBDaICEPRdvFknIW0IZiitN2JCj2XU5b7uh2Wm+NqZAsDO7VJKKOjwcB8xjBSls987A7piSpp+gaZTTqsRSd/rCX9syyVbEyoUWwcyhDrlrP/Oz2QxL7NFCEYyk7thUpJ8FCMcJpWurGkkaYjPCAdjQG2KfSSbJDUnSsnT7yQqFfoFDm/p5IsC/lxHd1p4/VUM7XpuZ/tU6svCsnYUEUKxqQ2SIv5kiFaJoK6jNBieITDZgIpv+KyBALTJTOrqRDsOdPXoTmWcW+qNj183L1Jo+jCAdwBCdgwyVU4Q5q0AACD/AEL/BqPBrPxpvxPmstGPnMPvyR8fEN1h+ZOw==</latexit>

~Q = ~ki � ~kf

<latexit sha1_base64="d13nlAo15dKZbao8eX+WE5d/330=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cWbC20oWy2k3bpZhN3N4US+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCopeNUMWyyWMSqHVCNgktsGm4EthOFNAoEPgaju5n/OEaleSwfzCRBP6IDyUPOqLFSuztGljWmpFeuuFV3DrJKvJxUIEe9V/7q9mOWRigNE1Trjucmxs+oMpwJnJa6qcaEshEdYMdSSSPUfja/d0rOrNInYaxsSUPm6u+JjEZaT6LAdkbUDPWyNxP/8zqpCW/8jMskNSjZYlGYCmJiMnue9LlCZsTEEsoUt7cSNqSKMmMjKtkQvOWXV0nroupdVb3GZaV2m8dRhBM4hXPw4BpqcA91aAIDAc/wCm/Ok/PivDsfi9aCk88cwx84nz/Q64/T</latexit>

~Q
<latexit sha1_base64="pmHrLF6XlTDY7azVlYPbHLFRUMQ=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hd0g6jHoxWME84BkCbOTTjJk9sFMrxCWfIQXD4p49Xu8+TdOkj1oYkFDUdVNd1eQKGnIdb+dtfWNza3twk5xd2//4LB0dNw0caoFNkSsYt0OuEElI2yQJIXtRCMPA4WtYHw381tPqI2Mo0eaJOiHfBjJgRScrNSqdmmExHulsltx52CrxMtJGXLUe6Wvbj8WaYgRCcWN6XhuQn7GNUmhcFrspgYTLsZ8iB1LIx6i8bP5uVN2bpU+G8TaVkRsrv6eyHhozCQMbGfIaWSWvZn4n9dJaXDjZzJKUsJILBYNUsUoZrPfWV9qFKQmlnChpb2ViRHXXJBNqGhD8JZfXiXNasW7qngPl+XabR5HAU7hDC7Ag2uowT3UoQECxvAMr/DmJM6L8+58LFrXnHzmBP7A+fwBF+CPag==</latexit>

2✓



SANS is useful for various hard condensed matter systems

K. Everschor-Sitte et al., J. Appl. Phys. 115, 172602(2014)

A. Scheie et al., PNAS 117 (44) 2020 J. Hoffman STM Lab

S. Oberdick et al., Sci. Reports 8, 3425 (2018)

Magnetic 

Nanoparticles

Flux lattice

 In superconductors

Magnetic domain Walls

Topological 

Multi-q state



NCNR is the host of 5 different SANS instruments

80 m



V-SANS is an extremely versatile neutron instrument  

Q ~ 2e-4 to  0.7 Å-1

Various ways to select a specific 
distribution of incident 

neutrons wavelength

Multiple beam collimation options

Large sample area

Polarization capability

Three movable detectors

Barker J, et al. J Appl. Cryst. 55(2) 271 (2022)

D ~ 0.8 nm to 3 microns



SANS from Nuclear Scattering:  
Scattering from uncorrelated (diluted) spheres 

<latexit sha1_base64="2Q8DArNJh8QaSuJEK/ROTmJYtzA="></latexit>

d�

d⌦
( ~Q) / |

Z

V
⇢(~r)ei

~Q·~rd~r |2
<latexit sha1_base64="63oIf5nAjlxAjnV/kfCdrl+sh4Y="></latexit>

= 9b

✓
sin(QR)�QRcos(QR)

(QR)3

◆2

<latexit sha1_base64="7IF/m5a95FJlPfk8IbI26AyrQpA=">AAAB/HicbVDLSsNAFJ3UV62vaJduBotQEWpSRF0W3bhsxT6gCWUynbRDZyZhZiKEUH/FjQtF3Poh7vwbp20WWj1w4XDOvdx7TxAzqrTjfFmFldW19Y3iZmlre2d3z94/6KgokZi0ccQi2QuQIowK0tZUM9KLJUE8YKQbTG5mfveBSEUjca/TmPgcjQQNKUbaSAO73LqDnqIcejGFVXHqntVPBnbFqTlzwL/EzUkF5GgO7E9vGOGEE6ExQ0r1XSfWfoakppiRaclLFIkRnqAR6RsqECfKz+bHT+GxUYYwjKQpoeFc/TmRIa5UygPTyZEeq2VvJv7n9RMdXvkZFXGiicCLRWHCoI7gLAk4pJJgzVJDEJbU3ArxGEmEtcmrZEJwl1/+Szr1mntRc1vnlcZ1HkcRHIIjUAUuuAQNcAuaoA0wSMETeAGv1qP1bL1Z74vWgpXPlMEvWB/flH2SyA==</latexit>

QR ⇠ ⇡(n+ 1/2)

Zeros of the function are located at:



SANS from Nuclear Scattering:  
Scattering from a face-centered cubic (fcc) crystal lattice 

<latexit sha1_base64="2Q8DArNJh8QaSuJEK/ROTmJYtzA="></latexit>

d�

d⌦
( ~Q) / |

Z

V
⇢(~r)ei

~Q·~rd~r |2

<latexit sha1_base64="RLSsMkDIbcQtVC4rcEHAQj4wtXg=">AAACF3icbVDLSgMxFM34rPVVdekmWARBGGaKqBuh1E1BFy3YB3TaIZNm2tDMwyQjlHT+wo2/4saFIm5159+YPhbaeuDC4Zx7ufceL2ZUSMv6NpaWV1bX1jMb2c2t7Z3d3N5+XUQJx6SGIxbxpocEYTQkNUklI82YExR4jDS8wfXYbzwQLmgU3slhTNoB6oXUpxhJLbk5c1R1VYmjXi8dwSvo+BxhVXBimiqUOuKeS1XuFE5vdN12Cqmby1umNQFcJPaM5MEMFTf35XQjnAQklJghIVq2Fcu2QlxSzEiadRJBYoQHqEdamoYoIKKtJn+l8FgrXehHXFco4UT9PaFQIMQw8HRngGRfzHtj8T+vlUj/sq1oGCeShHi6yE8YlBEchwS7lBMs2VAThDnVt0LcRzoaqaPM6hDs+ZcXSb1g2uemXT3LF0uzODLgEByBE2CDC1AEZVABNYDBI3gGr+DNeDJejHfjY9q6ZMxmDsAfGJ8/CByfMA==</latexit>

|QBragg| =
2⇡

a

p
H2 +K2 + L2

Produce scattering peaks (Bragg reflections) indexed by 

For the fcc lattice, the peaks have finite intensity if the integers H,K, and L  are all odd or all even.

<latexit sha1_base64="cLby6OJH+jm22vtNXE3Bt8YZxCA=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyIqMegF48JmAckS5iddJIhs7PLzKwQlnyEFw+KePV7vPk3TpI9aLSgoajqprsrTKQw1ve/vMLa+sbmVnG7tLO7t39QPjxqmTjVHJs8lrHuhMygFAqbVliJnUQji0KJ7XByN/fbj6iNiNWDnSYYRGykxFBwZp3UbvQzSumsX674VX8B8pfQnFQgR71f/uwNYp5GqCyXzJgu9RMbZExbwSXOSr3UYML4hI2w66hiEZogW5w7I2dOGZBhrF0pSxbqz4mMRcZMo9B1RsyOzao3F//zuqkd3gSZUElqUfHlomEqiY3J/HcyEBq5lVNHGNfC3Ur4mGnGrUuo5EKgqy//Ja2LKr2q0sZlpXabx1GEEziFc6BwDTW4hzo0gcMEnuAFXr3Ee/bevPdla8HLZ47hF7yPb3hCjwE=</latexit>

Q111
<latexit sha1_base64="SbuoW47U5TLmOwNSWVj4/305ZnE=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48t2A9oQ9lsJ+3SzSbsboQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ/dzvPKHSPJaPZpqgH9GR5CFn1Fip0xxkrlubDcoVt+ouQNaJl5MK5GgMyl/9YczSCKVhgmrd89zE+BlVhjOBs1I/1ZhQNqEj7FkqaYTazxbnzsiFVYYkjJUtachC/T2R0UjraRTYzoiasV715uJ/Xi814a2fcZmkBiVbLgpTQUxM5r+TIVfIjJhaQpni9lbCxlRRZmxCJRuCt/ryOmnXqt511WteVep3eRxFOINzuAQPbqAOD9CAFjCYwDO8wpuTOC/Ou/OxbC04+cwp/IHz+QN2uo8A</latexit>

Q002

<latexit sha1_base64="LqmYlutwn+jW45+GWYSgfyjjeG8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48t2A9oQ9lsJ+3SzSbsboQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ/dzvPKHSPJaPZpqgH9GR5CFn1Fip0xxktZo7G5QrbtVdgKwTLycVyNEYlL/6w5ilEUrDBNW657mJ8TOqDGcCZ6V+qjGhbEJH2LNU0gi1ny3OnZELqwxJGCtb0pCF+nsio5HW0yiwnRE1Y73qzcX/vF5qwls/4zJJDUq2XBSmgpiYzH8nQ66QGTG1hDLF7a2EjamizNiESjYEb/XlddKuVb3rqte8qtTv8jiKcAbncAke3EAdHqABLWAwgWd4hTcncV6cd+dj2Vpw8plT+APn8wd5yo8C</latexit>

Q220
<latexit sha1_base64="x2daFTKq1DOIfXOQ/EZcfBN5GUU=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBU9moqMeiF48t2A9ol5JNs21oNhuSrFCW/ggvHhTx6u/x5r8xbfegrQ8GHu/NMDMvVIIb6/vfXmFtfWNzq7hd2tnd2z8oHx61TJJqypo0EYnuhMQwwSVrWm4F6yjNSBwK1g7H9zO//cS04Yl8tBPFgpgMJY84JdZJ7UY/w/hy2i9X/Ko/B1olOCcVyFHvl796g4SmMZOWCmJMF/vKBhnRllPBpqVeapgidEyGrOuoJDEzQTY/d4rOnDJAUaJdSYvm6u+JjMTGTOLQdcbEjsyyNxP/87qpjW6DjEuVWibpYlGUCmQTNPsdDbhm1IqJI4Rq7m5FdEQ0odYlVHIh4OWXV0nrooqvq7hxVand5XEU4QRO4Rww3EANHqAOTaAwhmd4hTdPeS/eu/exaC14+cwx/IH3+QN7TI8D</latexit>

Q113

<latexit sha1_base64="gBcMvWuTJRWudrsvMOl5w7fyyMU=">AAACE3icbVDLSsNAFJ34rPUVdelmsAjioiRF1I1QdOOyBfuAJoTJZNIOnUzCzKRQQv7Bjb/ixoUibt2482+cpllo64ELh3Pu5d57/IRRqSzr21hZXVvf2KxsVbd3dvf2zYPDroxTgUkHxywWfR9JwignHUUVI/1EEBT5jPT88d3M702IkDTmD2qaEDdCQ05DipHSkmeeOxOCsyD3Mstq5PAGOqFAOGs4Cc2zwmuXXu6ZNatuFYDLxC5JDZRoeeaXE8Q4jQhXmCEpB7aVKDdDQlHMSF51UkkShMdoSAaachQR6WbFTzk81UoAw1jo4goW6u+JDEVSTiNfd0ZIjeSiNxP/8wapCq/djPIkVYTj+aIwZVDFcBYQDKggWLGpJggLqm+FeIR0KErHWNUh2IsvL5Nuo25f1u32Ra15W8ZRAcfgBJwBG1yBJrgHLdABGDyCZ/AK3own48V4Nz7mrStGOXME/sD4/AFIp53M</latexit>

~d002 =
2⇡
~Q002

a



SANS from Magnetic Scattering 

S. Oberdick et al., Sci. Reports 8, 3425 (2018)

<latexit sha1_base64="l58eryB3m5o1E5oUakNW43Pz+6Q="></latexit>
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The magnetic interaction depends on the relative 
orientation of the spins within the probed sample

|Q| ~ 1e-5 to 1 Å-1

Neutron spin
Spin within the sample

X X

YY

ZZ



Rule 1: Nuclear scattering does not flip the neutron spin

|Q| ~ 1e-5 to 1 Å-1

Non Magnetic Slab

Spin-Flip (SF)

Non Spin-Flip (NSF)



Rule 2: Magnetic scattering is only sensitive to magnetization 
perpendicular to the momentum transfer Q

|Q| ~ 1e-5 to 1 Å-1

Magnetic Slab

With M||z



Rule 3: The non spin-flip scattering is only sensitive to 
magnetization parallel to the neutron spin

|Q| ~ 1e-5 to 1 Å-1

Magnetic Slab

With M||z

Spin-Flip (SF)

Non Spin-Flip (NSF)



Rule 4: Magnetization perpendicular to the neutron spin only 
contributes to spin-flip scattering

|Q| ~ 1e-5 to 1 Å-1

Magnetic Slab

With M||y

Non Spin-Flip (NSF)

Spin-Flip (SF)



Example: Unpolarized SANS of a non-magnetic slab
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Example:Unpolarized SANS of a magnetic slab

Non-magnetic slab in the beam

 (neutron beam goes in the page)
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Magnetic slab in the beam

 (neutron beam goes in the page)

M||y

0
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Non-magnetic slab in the beam

 (neutron beam goes in the page)

A

B

B >>> A

Magnetic slab in the beam

 (neutron beam goes in the page)

M||x

0

2

Example:Unpolarized SANS of a magnetic slab



Non-magnetic slab in the beam

 (neutron beam goes in the page)

A

B

B >>> A

0

2

Magnetic slab in the beam

 (neutron beam goes in the page)

M||(1,1,0)

Example:Unpolarized SANS of a magnetic slab



Non Spin-Flip (NSF)

Spin-Flip (SF)

Example:Unpolarized SANS of a magnetic slab



Uniaxial Polarization Analysis : General Rules

1) Nuclear scattering is always non-spin-flip (NSF)

3) and 4) Magnetic scattering is both spin-flip (SF) and NSF. The NSF is given 
by the magnetization parallel to the neutron spin, while the SF is given by the 

magnetization perpendicular to the neutron spin.

2) The magnetization parallel to the scattering momentum vector Q cannot be observed.

Magnetic ScatteringNuclear Scattering



V-SANS : uniaxial polarization analysis can be performed

He3 AnalyzerSpin Polarizer

S. Oberdick et al., Sci. Reports 8, 3425 (2018)



V-SANS : Uniaxial polarization analysis can be performed

1) Unpolarized 2) Half-polarized (polarizer only) 3) Full polarized mode (polarizer and analyzer)

I(q) = Iuu(q) + Iud(q) + Idu(q) + Idd(q) 
Iu(q) = Iuu(q) + Iud(q) 

Iuu(q) 

Iud(q) 

Idu(q) 

Idd(q) 

Id(q) = Idu(q) + Idd(q) 

S. Oberdick et al., Sci. Reports 8, 3425 (2018)



Unpolarized SANS: Weyl-mediated magnetism in NdAlSi

Para. 
T= 8 K

Inc. 
T= 5.4 K

Com. 
T= 2 K

ZFCZFCZFC

[H,H,0][H,H,0][H,H,0]

[H
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,0
]

0 00
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0.05
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SANS Intensity (arb. units)

0 2
SANS Intensity (arb. units)

0 2
SANS Intensity (arb. units)

Commensurate 
k=(000) + (2/3,2/3,0) 

+ (1/3,1/3,0)

Incommensurate 
k=(3δ,3δ,0) + (2/3+δ,2/3+δ,0) 

+ (1/3-δ,1/3-δ,0)
Paramagnetic

T(K)

Tcom ~ 3.25 K Tinc ~ 7.5 K 

- J. Gaudet al., Nature Materials 20, 1650-1656 (2021) 



Unpolarized SANS: Weyl-mediated magnetism in NdAlSi

Modulated spin density wave

- J. Gaudet al., Nature Materials 20, 1650-1656 (2021) 



Unpolarized SANS: Weyl-mediated magnetism in NdAlSi

Stripe ferromagnetic domains

- J. Gaudet al., Nature Materials 20, 1650-1656 (2021) 



Example of Half-polarized SANS:  
Identifying the weak magnetic scattering in nanoparticles (NPs) system

C. Kons et al., PRM 4, 034408 (2020)



Full-polarized SANS:  
Characterizing the in-field 3D magnetization profile of NP’s

S. Oberdick et al., Sci. Reports 8, 3425 (2018)



Full-polarized SANS:  
Characterizing the in-field 3D magnetization profile of NP’s

*Assuming isotropic system with only the X (field) direction being unique

M2x = M2parl M2y = M2Z = M2perp
K. L. Krycka et al., PRB 90, 180405(R) (2014)

K. L. Krycka, et al., J Appl Cryst 45, 554–565 (2012) 



Full-polarized SANS:  
Characterizing the in-field 3D magnetization profile of NP’s

*Assuming isotropic system with only the X (field) direction being unique

M2x = M2parl M2y = M2Z = M2perp
K. L. Krycka et al., PRB 90, 180405(R) (2014)



Full-polarized SANS:  
Characterizing the in-field 3D magnetization profile of NP’s

Fe3O4

K. L. Krycka et al., PRL 104, 207203 (2010)



Full-polarized SANS:  
Characterizing the long-wavelength spin density wave in BiFeO3

Ramazanoglu, M. et al., PRL 107, 207206 (2011)



Full-polarized SANS:  
Characterizing the long-wavelength spin density wave in BiFeO3

The Bragg peaks only show up in the SF channel for P||beam.

This implies:


1) It is magnetic in origin

2) Its spin component is ⟂ to both [111] and τ 

Ramazanoglu, M. et al., PRL 107, 207206 (2011)



Conclusion

1) Magnetic SANS is used to probe magnetic inhomogeneities on a spatial length scale of ~ 1 to 10 000 nm. 

2) NCNR is the host of 5 different SANS instruments including V-SANS, which is a 
very versatile instrument that also allows for uniaxial polarization analysis.

3) Polarized SANS can be used to isolate a weak magnetic signal that lies on top of a huge 
nuclear scattering signal, to characterize the 3D magnetization profile of NPs, to determine 

the spin orientation and chirality of spin density wave, and much more…



Conclusion: Please contact us to do polarized SANS at NIST!

Polarized SANS at NIST:
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Julie Borchers

Wangchun Chen

Shannon Watson

Kathryn Krycka

Julie Borchers


Wangchun Chen

Shannon Watson


John Barker

Brian Maranville


Caitlin Wolf

Katie Weigandt

Peter Beaucage

jonathan.gaudet@nist.gov


