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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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Momentum transfer 
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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✓


