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March MeetingSelf Interaction Error in DFAs

Conventional semi-local functionals imperfectly cancel the 
spurious Coulomb repulsion of an electron with itself.

The canonical example is H"#
SIE drives dissociation energy too low.

Causes delocalisation error in transition
metal structures.



March MeetingLocal Hybrid Functionals

A natural extension of the global Hybrid functional.

Burke, K., Cruz, F. G., & Lam, K. C. (1998). JCP, 109, 8161–8167, DOI: 10.1063/1.477479

Jaramillo, J., Scuseria, G. E., & Ernzerhof, M. (2003). JCP, 118, 1068–1073, DOI: 10.1063/1.1528936
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March MeetingThe Gauge Problem

Energy densities are not well defined quantities.

In a global hybrid functional this integrates out.

This is not the case when a local mixture is used.

Z
G(r)dr = 0if

Z
eEx.
x (r) +G(r)dr = EEx.

x
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March MeetingThe Gauge Problem
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[1] Sun, J., Ruzsinszky, A., & Perdew, J. P. (2015). Phys. Rev. Let., 115, 36402. DOI: 10.1103/PhysRevLett.115.036402

Exact Exchange

ExactX = -12.108 Eh

SCANX = -12.164 Eh (0.46% Error)



March MeetingGauge Calibration

Two parameter function of Arbuznikov and Kaupp [1] 

Optimised to minimize exchange density difference 
in the hydrogen atom.

[1] Maier, T. M., Haasler, M., Arbuznikov, A. V, Kaupp, M. (2016). PCCP, 18(31), DOI: 10.1039/C6CP00990E

G(r; a, b)

⌦ =

Z ��eEx.
x (r)�

�
eSCAN
x (r) +G(r)

��� dr
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March MeetingFitting to Hydrogen
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March MeetingCalibrated Exchange Density
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March MeetingCalibrated Exchange Density
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March MeetingBuilding a Local Hybrid

We use the SCAN functional as the base semi-local functional
and use a local hybrid construction to minimise SIE.

• Improve reaction barrier heights 

• Preserve performance around equilibrium distances.



March MeetingMixing Function

Existing mixing functions have been built 
from mGGA quantities,[1]

Or more with complicated hyper-GGA ingredients.[2]

z(r) =
⌧W(r)

⌧(r)
⇣(r) =

n↵(r)� n�(r)

n↵(r) + n�(r)

[1]Theilacker, K., Arbuznikov, A. V, Bahmann, H., Kaupp, M. (2011). J. Phys. Chem. A 115(32). DOI: 10.1021/jp202770c
[2]Tao, J., Staroverov, V. N., Scuseria, G. E., Perdew, J. P. (2008). PRA 77(1). DOI: PhysRevA.77.012509
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2(3⇡2)1/3n(r)
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March MeetingThe α Iso-orbital Indicator

Identifies local chemical environment. 

Numerically unstable in local-hybrid SCF calculations.

Covalent Bonds ! = 0 Slowly Varying Density ! ≈ 1 Weak Bonds ! ≫ 1

↵(r) =
⌧(r)� ⌧W(r)

⌧UEG(r)

⌧(r) =
Pocc.

i |r'(r)|2
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March Meetingβ Mixing Kernel

Better behaved than α, same information.

�(r) =
⌧(r)� ⌧vW(r)

⌧(r) + ⌧UEG(r)

Covalent Bonds ! = 0 Slowly Varying Density ! ≈ 0.5 Weak Bonds ! = 1
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March MeetingMixing Function Development

• can ensure 1 electron SIE free.

• gives inhomogeneity information.

• polarisation maintains 1 electron SIE freedom with  
dependence.

�(r)
<latexit sha1_base64="/339sxmfvF+VQE4pt/zf1zDkX8w=">AAAB+XicbVBNS8NAFHypX7V+pXr0sliEeimJCOqt6MVjBWMLTSmb7aZdutmE3Y1SYn+KFw8qXv0n3vw3btoctHVgYZh5jzc7QcKZ0o7zbZVWVtfWN8qbla3tnd09u7p/r+JUEuqRmMeyE2BFORPU00xz2kkkxVHAaTsYX+d++4FKxWJxpycJ7UV4KFjICNZG6ttVP6Aa1/0I61EQZnJ60rdrTsOZAS0TtyA1KNDq21/+ICZpRIUmHCvVdZ1E9zIsNSOcTit+qmiCyRgPaddQgSOqetks+hQdG2WAwliaJzSaqb83MhwpNYkCM5lHVIteLv7ndVMdXvQyJpJUU0Hmh8KUIx2jvAc0YJISzSeGYCKZyYrICEtMtGmrYkpwF7+8TLzTxmXDvT2rNa+KNspwCEdQBxfOoQk30AIPCDzCM7zCm/VkvVjv1sd8tGQVOwfwB9bnD29zk6o=</latexit><latexit sha1_base64="/339sxmfvF+VQE4pt/zf1zDkX8w=">AAAB+XicbVBNS8NAFHypX7V+pXr0sliEeimJCOqt6MVjBWMLTSmb7aZdutmE3Y1SYn+KFw8qXv0n3vw3btoctHVgYZh5jzc7QcKZ0o7zbZVWVtfWN8qbla3tnd09u7p/r+JUEuqRmMeyE2BFORPU00xz2kkkxVHAaTsYX+d++4FKxWJxpycJ7UV4KFjICNZG6ttVP6Aa1/0I61EQZnJ60rdrTsOZAS0TtyA1KNDq21/+ICZpRIUmHCvVdZ1E9zIsNSOcTit+qmiCyRgPaddQgSOqetks+hQdG2WAwliaJzSaqb83MhwpNYkCM5lHVIteLv7ndVMdXvQyJpJUU0Hmh8KUIx2jvAc0YJISzSeGYCKZyYrICEtMtGmrYkpwF7+8TLzTxmXDvT2rNa+KNspwCEdQBxfOoQk30AIPCDzCM7zCm/VkvVjv1sd8tGQVOwfwB9bnD29zk6o=</latexit><latexit sha1_base64="/339sxmfvF+VQE4pt/zf1zDkX8w=">AAAB+XicbVBNS8NAFHypX7V+pXr0sliEeimJCOqt6MVjBWMLTSmb7aZdutmE3Y1SYn+KFw8qXv0n3vw3btoctHVgYZh5jzc7QcKZ0o7zbZVWVtfWN8qbla3tnd09u7p/r+JUEuqRmMeyE2BFORPU00xz2kkkxVHAaTsYX+d++4FKxWJxpycJ7UV4KFjICNZG6ttVP6Aa1/0I61EQZnJ60rdrTsOZAS0TtyA1KNDq21/+ICZpRIUmHCvVdZ1E9zIsNSOcTit+qmiCyRgPaddQgSOqetks+hQdG2WAwliaJzSaqb83MhwpNYkCM5lHVIteLv7ndVMdXvQyJpJUU0Hmh8KUIx2jvAc0YJISzSeGYCKZyYrICEtMtGmrYkpwF7+8TLzTxmXDvT2rNa+KNspwCEdQBxfOoQk30AIPCDzCM7zCm/VkvVjv1sd8tGQVOwfwB9bnD29zk6o=</latexit><latexit sha1_base64="/339sxmfvF+VQE4pt/zf1zDkX8w=">AAAB+XicbVBNS8NAFHypX7V+pXr0sliEeimJCOqt6MVjBWMLTSmb7aZdutmE3Y1SYn+KFw8qXv0n3vw3btoctHVgYZh5jzc7QcKZ0o7zbZVWVtfWN8qbla3tnd09u7p/r+JUEuqRmMeyE2BFORPU00xz2kkkxVHAaTsYX+d++4FKxWJxpycJ7UV4KFjICNZG6ttVP6Aa1/0I61EQZnJ60rdrTsOZAS0TtyA1KNDq21/+ICZpRIUmHCvVdZ1E9zIsNSOcTit+qmiCyRgPaddQgSOqetks+hQdG2WAwliaJzSaqb83MhwpNYkCM5lHVIteLv7ndVMdXvQyJpJUU0Hmh8KUIx2jvAc0YJISzSeGYCKZyYrICEtMtGmrYkpwF7+8TLzTxmXDvT2rNa+KNspwCEdQBxfOoQk30AIPCDzCM7zCm/VkvVjv1sd8tGQVOwfwB9bnD29zk6o=</latexit>

s(r)
<latexit sha1_base64="fur/JDVFK3oinEjJkNTLuVpAxBw=">AAAB83icbVBNSwMxFHzrZ61fVY9egkWol7IrgnorevFYwbWFdinZNNuGZpM1yRbK0t/hxYOKV/+MN/+N2XYP2joQGGbe400mTDjTxnW/nZXVtfWNzdJWeXtnd2+/cnD4qGWqCPWJ5FK1Q6wpZ4L6hhlO24miOA45bYWj29xvjanSTIoHM0loEOOBYBEj2Fgp0LVujM0wjDI1PetVqm7dnQEtE68gVSjQ7FW+un1J0pgKQzjWuuO5iQkyrAwjnE7L3VTTBJMRHtCOpQLHVAfZLPQUnVqljyKp7BMGzdTfGxmOtZ7EoZ3MI+pFLxf/8zqpia6CjIkkNVSQ+aEo5chIlDeA+kxRYvjEEkwUs1kRGWKFibE9lW0J3uKXl4l/Xr+ue/cX1cZN0UYJjuEEauDBJTTgDprgA4EneIZXeHPGzovz7nzMR1ecYucI/sD5/AEBW5HM</latexit><latexit sha1_base64="fur/JDVFK3oinEjJkNTLuVpAxBw=">AAAB83icbVBNSwMxFHzrZ61fVY9egkWol7IrgnorevFYwbWFdinZNNuGZpM1yRbK0t/hxYOKV/+MN/+N2XYP2joQGGbe400mTDjTxnW/nZXVtfWNzdJWeXtnd2+/cnD4qGWqCPWJ5FK1Q6wpZ4L6hhlO24miOA45bYWj29xvjanSTIoHM0loEOOBYBEj2Fgp0LVujM0wjDI1PetVqm7dnQEtE68gVSjQ7FW+un1J0pgKQzjWuuO5iQkyrAwjnE7L3VTTBJMRHtCOpQLHVAfZLPQUnVqljyKp7BMGzdTfGxmOtZ7EoZ3MI+pFLxf/8zqpia6CjIkkNVSQ+aEo5chIlDeA+kxRYvjEEkwUs1kRGWKFibE9lW0J3uKXl4l/Xr+ue/cX1cZN0UYJjuEEauDBJTTgDprgA4EneIZXeHPGzovz7nzMR1ecYucI/sD5/AEBW5HM</latexit><latexit sha1_base64="fur/JDVFK3oinEjJkNTLuVpAxBw=">AAAB83icbVBNSwMxFHzrZ61fVY9egkWol7IrgnorevFYwbWFdinZNNuGZpM1yRbK0t/hxYOKV/+MN/+N2XYP2joQGGbe400mTDjTxnW/nZXVtfWNzdJWeXtnd2+/cnD4qGWqCPWJ5FK1Q6wpZ4L6hhlO24miOA45bYWj29xvjanSTIoHM0loEOOBYBEj2Fgp0LVujM0wjDI1PetVqm7dnQEtE68gVSjQ7FW+un1J0pgKQzjWuuO5iQkyrAwjnE7L3VTTBJMRHtCOpQLHVAfZLPQUnVqljyKp7BMGzdTfGxmOtZ7EoZ3MI+pFLxf/8zqpia6CjIkkNVSQ+aEo5chIlDeA+kxRYvjEEkwUs1kRGWKFibE9lW0J3uKXl4l/Xr+ue/cX1cZN0UYJjuEEauDBJTTgDprgA4EneIZXeHPGzovz7nzMR1ecYucI/sD5/AEBW5HM</latexit><latexit sha1_base64="fur/JDVFK3oinEjJkNTLuVpAxBw=">AAAB83icbVBNSwMxFHzrZ61fVY9egkWol7IrgnorevFYwbWFdinZNNuGZpM1yRbK0t/hxYOKV/+MN/+N2XYP2joQGGbe400mTDjTxnW/nZXVtfWNzdJWeXtnd2+/cnD4qGWqCPWJ5FK1Q6wpZ4L6hhlO24miOA45bYWj29xvjanSTIoHM0loEOOBYBEj2Fgp0LVujM0wjDI1PetVqm7dnQEtE68gVSjQ7FW+un1J0pgKQzjWuuO5iQkyrAwjnE7L3VTTBJMRHtCOpQLHVAfZLPQUnVqljyKp7BMGzdTfGxmOtZ7EoZ3MI+pFLxf/8zqpia6CjIkkNVSQ+aEo5chIlDeA+kxRYvjEEkwUs1kRGWKFibE9lW0J3uKXl4l/Xr+ue/cX1cZN0UYJjuEEauDBJTTgDprgA4EneIZXeHPGzovz7nzMR1ecYucI/sD5/AEBW5HM</latexit>

⇣(r)
<latexit sha1_base64="dpbnPBKGArHW8MqJ06GOtOTy2BA=">AAAB+XicbVBNS8NAFNz4WetXqkcvi0Wol5KIoN6KXjxWMLbQhLLZbtqlm03YfVFq7E/x4kHFq//Em//GbZuDtg4sDDPv8WYnTAXX4Djf1tLyyuraemmjvLm1vbNrV/budJIpyjyaiES1Q6KZ4JJ5wEGwdqoYiUPBWuHwauK37pnSPJG3MEpZEJO+5BGnBIzUtSv+IwNS82MCgzDK1fi4a1edujMFXiRuQaqoQLNrf/m9hGYxk0AF0brjOikEOVHAqWDjsp9plhI6JH3WMVSSmOkgn0Yf4yOj9HCUKPMk4Kn6eyMnsdajODSTk4h63puI/3mdDKLzIOcyzYBJOjsUZQJDgic94B5XjIIYGUKo4iYrpgOiCAXTVtmU4M5/eZF4J/WLuntzWm1cFm2U0AE6RDXkojPUQNeoiTxE0QN6Rq/ozXqyXqx362M2umQVO/voD6zPH5Ujk8I=</latexit><latexit sha1_base64="dpbnPBKGArHW8MqJ06GOtOTy2BA=">AAAB+XicbVBNS8NAFNz4WetXqkcvi0Wol5KIoN6KXjxWMLbQhLLZbtqlm03YfVFq7E/x4kHFq//Em//GbZuDtg4sDDPv8WYnTAXX4Djf1tLyyuraemmjvLm1vbNrV/budJIpyjyaiES1Q6KZ4JJ5wEGwdqoYiUPBWuHwauK37pnSPJG3MEpZEJO+5BGnBIzUtSv+IwNS82MCgzDK1fi4a1edujMFXiRuQaqoQLNrf/m9hGYxk0AF0brjOikEOVHAqWDjsp9plhI6JH3WMVSSmOkgn0Yf4yOj9HCUKPMk4Kn6eyMnsdajODSTk4h63puI/3mdDKLzIOcyzYBJOjsUZQJDgic94B5XjIIYGUKo4iYrpgOiCAXTVtmU4M5/eZF4J/WLuntzWm1cFm2U0AE6RDXkojPUQNeoiTxE0QN6Rq/ozXqyXqx362M2umQVO/voD6zPH5Ujk8I=</latexit><latexit sha1_base64="dpbnPBKGArHW8MqJ06GOtOTy2BA=">AAAB+XicbVBNS8NAFNz4WetXqkcvi0Wol5KIoN6KXjxWMLbQhLLZbtqlm03YfVFq7E/x4kHFq//Em//GbZuDtg4sDDPv8WYnTAXX4Djf1tLyyuraemmjvLm1vbNrV/budJIpyjyaiES1Q6KZ4JJ5wEGwdqoYiUPBWuHwauK37pnSPJG3MEpZEJO+5BGnBIzUtSv+IwNS82MCgzDK1fi4a1edujMFXiRuQaqoQLNrf/m9hGYxk0AF0brjOikEOVHAqWDjsp9plhI6JH3WMVSSmOkgn0Yf4yOj9HCUKPMk4Kn6eyMnsdajODSTk4h63puI/3mdDKLzIOcyzYBJOjsUZQJDgic94B5XjIIYGUKo4iYrpgOiCAXTVtmU4M5/eZF4J/WLuntzWm1cFm2U0AE6RDXkojPUQNeoiTxE0QN6Rq/ozXqyXqx362M2umQVO/voD6zPH5Ujk8I=</latexit><latexit sha1_base64="dpbnPBKGArHW8MqJ06GOtOTy2BA=">AAAB+XicbVBNS8NAFNz4WetXqkcvi0Wol5KIoN6KXjxWMLbQhLLZbtqlm03YfVFq7E/x4kHFq//Em//GbZuDtg4sDDPv8WYnTAXX4Djf1tLyyuraemmjvLm1vbNrV/budJIpyjyaiES1Q6KZ4JJ5wEGwdqoYiUPBWuHwauK37pnSPJG3MEpZEJO+5BGnBIzUtSv+IwNS82MCgzDK1fi4a1edujMFXiRuQaqoQLNrf/m9hGYxk0AF0brjOikEOVHAqWDjsp9plhI6JH3WMVSSmOkgn0Yf4yOj9HCUKPMk4Kn6eyMnsdajODSTk4h63puI/3mdDKLzIOcyzYBJOjsUZQJDgic94B5XjIIYGUKo4iYrpgOiCAXTVtmU4M5/eZF4J/WLuntzWm1cFm2U0AE6RDXkojPUQNeoiTxE0QN6Rq/ozXqyXqx362M2umQVO/voD6zPH5Ujk8I=</latexit>

s(r)
<latexit sha1_base64="fur/JDVFK3oinEjJkNTLuVpAxBw=">AAAB83icbVBNSwMxFHzrZ61fVY9egkWol7IrgnorevFYwbWFdinZNNuGZpM1yRbK0t/hxYOKV/+MN/+N2XYP2joQGGbe400mTDjTxnW/nZXVtfWNzdJWeXtnd2+/cnD4qGWqCPWJ5FK1Q6wpZ4L6hhlO24miOA45bYWj29xvjanSTIoHM0loEOOBYBEj2Fgp0LVujM0wjDI1PetVqm7dnQEtE68gVSjQ7FW+un1J0pgKQzjWuuO5iQkyrAwjnE7L3VTTBJMRHtCOpQLHVAfZLPQUnVqljyKp7BMGzdTfGxmOtZ7EoZ3MI+pFLxf/8zqpia6CjIkkNVSQ+aEo5chIlDeA+kxRYvjEEkwUs1kRGWKFibE9lW0J3uKXl4l/Xr+ue/cX1cZN0UYJjuEEauDBJTTgDprgA4EneIZXeHPGzovz7nzMR1ecYucI/sD5/AEBW5HM</latexit><latexit sha1_base64="fur/JDVFK3oinEjJkNTLuVpAxBw=">AAAB83icbVBNSwMxFHzrZ61fVY9egkWol7IrgnorevFYwbWFdinZNNuGZpM1yRbK0t/hxYOKV/+MN/+N2XYP2joQGGbe400mTDjTxnW/nZXVtfWNzdJWeXtnd2+/cnD4qGWqCPWJ5FK1Q6wpZ4L6hhlO24miOA45bYWj29xvjanSTIoHM0loEOOBYBEj2Fgp0LVujM0wjDI1PetVqm7dnQEtE68gVSjQ7FW+un1J0pgKQzjWuuO5iQkyrAwjnE7L3VTTBJMRHtCOpQLHVAfZLPQUnVqljyKp7BMGzdTfGxmOtZ7EoZ3MI+pFLxf/8zqpia6CjIkkNVSQ+aEo5chIlDeA+kxRYvjEEkwUs1kRGWKFibE9lW0J3uKXl4l/Xr+ue/cX1cZN0UYJjuEEauDBJTTgDprgA4EneIZXeHPGzovz7nzMR1ecYucI/sD5/AEBW5HM</latexit><latexit sha1_base64="fur/JDVFK3oinEjJkNTLuVpAxBw=">AAAB83icbVBNSwMxFHzrZ61fVY9egkWol7IrgnorevFYwbWFdinZNNuGZpM1yRbK0t/hxYOKV/+MN/+N2XYP2joQGGbe400mTDjTxnW/nZXVtfWNzdJWeXtnd2+/cnD4qGWqCPWJ5FK1Q6wpZ4L6hhlO24miOA45bYWj29xvjanSTIoHM0loEOOBYBEj2Fgp0LVujM0wjDI1PetVqm7dnQEtE68gVSjQ7FW+un1J0pgKQzjWuuO5iQkyrAwjnE7L3VTTBJMRHtCOpQLHVAfZLPQUnVqljyKp7BMGzdTfGxmOtZ7EoZ3MI+pFLxf/8zqpia6CjIkkNVSQ+aEo5chIlDeA+kxRYvjEEkwUs1kRGWKFibE9lW0J3uKXl4l/Xr+ue/cX1cZN0UYJjuEEauDBJTTgDprgA4EneIZXeHPGzovz7nzMR1ecYucI/sD5/AEBW5HM</latexit><latexit sha1_base64="fur/JDVFK3oinEjJkNTLuVpAxBw=">AAAB83icbVBNSwMxFHzrZ61fVY9egkWol7IrgnorevFYwbWFdinZNNuGZpM1yRbK0t/hxYOKV/+MN/+N2XYP2joQGGbe400mTDjTxnW/nZXVtfWNzdJWeXtnd2+/cnD4qGWqCPWJ5FK1Q6wpZ4L6hhlO24miOA45bYWj29xvjanSTIoHM0loEOOBYBEj2Fgp0LVujM0wjDI1PetVqm7dnQEtE68gVSjQ7FW+un1J0pgKQzjWuuO5iQkyrAwjnE7L3VTTBJMRHtCOpQLHVAfZLPQUnVqljyKp7BMGzdTfGxmOtZ7EoZ3MI+pFLxf/8zqpia6CjIkkNVSQ+aEo5chIlDeA+kxRYvjEEkwUs1kRGWKFibE9lW0J3uKXl4l/Xr+ue/cX1cZN0UYJjuEEauDBJTTgDprgA4EneIZXeHPGzovz7nzMR1ecYucI/sD5/AEBW5HM</latexit>



March MeetingMixing Function

g(�(r); b) = (1� 2�(r))2 · e�b�2

a(⇣, s,�; b, c) = g(�; b) · p(⇣, s; c)

p(⇣(r), s(r); c) = 1� 1� ⇣(r)2

c+ s(r)2 + 1



March MeetingThermochemical Assessment

Atomization Energies (AE6) and reaction Barrier Heights (BH6).
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March MeetingFuture Goals

Fix broken exact constraints in gauge calibration function.

Incorporate further exact constraints into local hybrid.

Address missing strong many electron interactions.

Implement into widely available programs, including plane 
wave codes for studying transition metal oxides.
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