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Outline

• Can free propagation work to get exact answers 
(~50 electrons)

• Multireference methods

• Selected configuration interaction (~20 electrons)

• Multireference perturbation theory (>100 electrons)



Free propagation

Ankit Mahajan



for large enough      one gets 
the ground state

Imaginary time propagation (cooling the system)
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where

same role as inverse temperature
(we are cooling the system)
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<latexit sha1_base64="2qpv5UATFi+UwLZu0iHE2FyDXN0=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0EYI2lhGMDGSHGFvs5cs2d07dueEEPIrbCwUsfXn2Plv3CRXaOKDgcd7M8zMi1IpLPr+t1dYWV1b3yhulra2d3b3yvsHTZtkhvEGS2RiWhG1XArNGyhQ8lZqOFWR5A/R8GbqPzxxY0Wi73GU8lDRvhaxYBSd9NhBmpErIrBbrvhVfwayTIKcVCBHvVv+6vQSlimukUlqbTvwUwzH1KBgkk9KnczylLIh7fO2o5oqbsPx7OAJOXFKj8SJcaWRzNTfE2OqrB2pyHUqigO76E3F/7x2hvFlOBY6zZBrNl8UZ5JgQqbfk54wnKEcOUKZEe5WwgbUUIYuo5ILIVh8eZk0z6qBXw3uziu16zyOIhzBMZxCABdQg1uoQwMYKHiGV3jzjPfivXsf89aCl88cwh94nz/wd4/U</latexit><latexit sha1_base64="2qpv5UATFi+UwLZu0iHE2FyDXN0=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0EYI2lhGMDGSHGFvs5cs2d07dueEEPIrbCwUsfXn2Plv3CRXaOKDgcd7M8zMi1IpLPr+t1dYWV1b3yhulra2d3b3yvsHTZtkhvEGS2RiWhG1XArNGyhQ8lZqOFWR5A/R8GbqPzxxY0Wi73GU8lDRvhaxYBSd9NhBmpErIrBbrvhVfwayTIKcVCBHvVv+6vQSlimukUlqbTvwUwzH1KBgkk9KnczylLIh7fO2o5oqbsPx7OAJOXFKj8SJcaWRzNTfE2OqrB2pyHUqigO76E3F/7x2hvFlOBY6zZBrNl8UZ5JgQqbfk54wnKEcOUKZEe5WwgbUUIYuo5ILIVh8eZk0z6qBXw3uziu16zyOIhzBMZxCABdQg1uoQwMYKHiGV3jzjPfivXsf89aCl88cwh94nz/wd4/U</latexit><latexit sha1_base64="2qpv5UATFi+UwLZu0iHE2FyDXN0=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0EYI2lhGMDGSHGFvs5cs2d07dueEEPIrbCwUsfXn2Plv3CRXaOKDgcd7M8zMi1IpLPr+t1dYWV1b3yhulra2d3b3yvsHTZtkhvEGS2RiWhG1XArNGyhQ8lZqOFWR5A/R8GbqPzxxY0Wi73GU8lDRvhaxYBSd9NhBmpErIrBbrvhVfwayTIKcVCBHvVv+6vQSlimukUlqbTvwUwzH1KBgkk9KnczylLIh7fO2o5oqbsPx7OAJOXFKj8SJcaWRzNTfE2OqrB2pyHUqigO76E3F/7x2hvFlOBY6zZBrNl8UZ5JgQqbfk54wnKEcOUKZEe5WwgbUUIYuo5ILIVh8eZk0z6qBXw3uziu16zyOIhzBMZxCABdQg1uoQwMYKHiGV3jzjPfivXsf89aCl88cwh94nz/wd4/U</latexit><latexit sha1_base64="2qpv5UATFi+UwLZu0iHE2FyDXN0=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0EYI2lhGMDGSHGFvs5cs2d07dueEEPIrbCwUsfXn2Plv3CRXaOKDgcd7M8zMi1IpLPr+t1dYWV1b3yhulra2d3b3yvsHTZtkhvEGS2RiWhG1XArNGyhQ8lZqOFWR5A/R8GbqPzxxY0Wi73GU8lDRvhaxYBSd9NhBmpErIrBbrvhVfwayTIKcVCBHvVv+6vQSlimukUlqbTvwUwzH1KBgkk9KnczylLIh7fO2o5oqbsPx7OAJOXFKj8SJcaWRzNTfE2OqrB2pyHUqigO76E3F/7x2hvFlOBY6zZBrNl8UZ5JgQqbfk54wnKEcOUKZEe5WwgbUUIYuo5ILIVh8eZk0z6qBXw3uziu16zyOIhzBMZxCABdQg1uoQwMYKHiGV3jzjPfivXsf89aCl88cwh94nz/wd4/U</latexit>

where

same role as inverse temperature
(we are cooling the system)

| (⌧)i = e�⌧H | (0)i
<latexit sha1_base64="vJdW3ZAh6gCcIGzLSaMIsVfR6sk=">AAACGHicbVBNS8NAEN3Ur1q/qh69LBahHqyJCHoRil56rGA/oIlls522SzebsLsRSuzP8OJf8eJBEa+9+W/cthG09cHA470ZZub5EWdK2/aXlVlaXlldy67nNja3tnfyu3t1FcaSQo2GPJRNnyjgTEBNM82hGUkggc+h4Q9uJn7jAaRiobjTwwi8gPQE6zJKtJHa+dNHt6pY0dUkPnYlET0O+ArDfXIykXBlNPPtH7OdL9glewq8SJyUFFCKajs/djshjQMQmnKiVMuxI+0lRGpGOYxybqwgInRAetAyVJAAlJdMHxvhI6N0cDeUpoTGU/X3REICpYaBbzoDovtq3puI/3mtWHcvvYSJKNYg6GxRN+ZYh3iSEu4wCVTzoSGESmZuxbRPJKHaZJkzITjzLy+S+lnJsUvO7XmhfJ3GkUUH6BAVkYMuUBlVUBXVEEVP6AW9oXfr2Xq1PqzPWWvGSmf20R9Y428FMp8e</latexit><latexit sha1_base64="vJdW3ZAh6gCcIGzLSaMIsVfR6sk=">AAACGHicbVBNS8NAEN3Ur1q/qh69LBahHqyJCHoRil56rGA/oIlls522SzebsLsRSuzP8OJf8eJBEa+9+W/cthG09cHA470ZZub5EWdK2/aXlVlaXlldy67nNja3tnfyu3t1FcaSQo2GPJRNnyjgTEBNM82hGUkggc+h4Q9uJn7jAaRiobjTwwi8gPQE6zJKtJHa+dNHt6pY0dUkPnYlET0O+ArDfXIykXBlNPPtH7OdL9glewq8SJyUFFCKajs/djshjQMQmnKiVMuxI+0lRGpGOYxybqwgInRAetAyVJAAlJdMHxvhI6N0cDeUpoTGU/X3REICpYaBbzoDovtq3puI/3mtWHcvvYSJKNYg6GxRN+ZYh3iSEu4wCVTzoSGESmZuxbRPJKHaZJkzITjzLy+S+lnJsUvO7XmhfJ3GkUUH6BAVkYMuUBlVUBXVEEVP6AW9oXfr2Xq1PqzPWWvGSmf20R9Y428FMp8e</latexit><latexit sha1_base64="vJdW3ZAh6gCcIGzLSaMIsVfR6sk=">AAACGHicbVBNS8NAEN3Ur1q/qh69LBahHqyJCHoRil56rGA/oIlls522SzebsLsRSuzP8OJf8eJBEa+9+W/cthG09cHA470ZZub5EWdK2/aXlVlaXlldy67nNja3tnfyu3t1FcaSQo2GPJRNnyjgTEBNM82hGUkggc+h4Q9uJn7jAaRiobjTwwi8gPQE6zJKtJHa+dNHt6pY0dUkPnYlET0O+ArDfXIykXBlNPPtH7OdL9glewq8SJyUFFCKajs/djshjQMQmnKiVMuxI+0lRGpGOYxybqwgInRAetAyVJAAlJdMHxvhI6N0cDeUpoTGU/X3REICpYaBbzoDovtq3puI/3mtWHcvvYSJKNYg6GxRN+ZYh3iSEu4wCVTzoSGESmZuxbRPJKHaZJkzITjzLy+S+lnJsUvO7XmhfJ3GkUUH6BAVkYMuUBlVUBXVEEVP6AW9oXfr2Xq1PqzPWWvGSmf20R9Y428FMp8e</latexit><latexit sha1_base64="vJdW3ZAh6gCcIGzLSaMIsVfR6sk=">AAACGHicbVBNS8NAEN3Ur1q/qh69LBahHqyJCHoRil56rGA/oIlls522SzebsLsRSuzP8OJf8eJBEa+9+W/cthG09cHA470ZZub5EWdK2/aXlVlaXlldy67nNja3tnfyu3t1FcaSQo2GPJRNnyjgTEBNM82hGUkggc+h4Q9uJn7jAaRiobjTwwi8gPQE6zJKtJHa+dNHt6pY0dUkPnYlET0O+ArDfXIykXBlNPPtH7OdL9glewq8SJyUFFCKajs/djshjQMQmnKiVMuxI+0lRGpGOYxybqwgInRAetAyVJAAlJdMHxvhI6N0cDeUpoTGU/X3REICpYaBbzoDovtq3puI/3mtWHcvvYSJKNYg6GxRN+ZYh3iSEu4wCVTzoSGESmZuxbRPJKHaZJkzITjzLy+S+lnJsUvO7XmhfJ3GkUUH6BAVkYMuUBlVUBXVEEVP6AW9oXfr2Xq1PqzPWWvGSmf20R9Y428FMp8e</latexit>

| (0)i = c0|�0i+ c1|�1i+ c2|�2i+ · · ·
<latexit sha1_base64="2cghPWtTgqRB+lbGrkIgvgWfMfY="></latexit><latexit sha1_base64="2cghPWtTgqRB+lbGrkIgvgWfMfY="></latexit><latexit sha1_base64="2cghPWtTgqRB+lbGrkIgvgWfMfY="></latexit><latexit sha1_base64="2cghPWtTgqRB+lbGrkIgvgWfMfY="></latexit>

If

then | (⌧)i = c0e
�⌧E0 |�0i+ c1e

�⌧E1 |�1i+ c2e
�⌧E2 |�2i+ · · ·

<latexit sha1_base64="oLwnk9lC3g12qkIQNmxi65+Io3s="></latexit><latexit sha1_base64="oLwnk9lC3g12qkIQNmxi65+Io3s="></latexit><latexit sha1_base64="oLwnk9lC3g12qkIQNmxi65+Io3s="></latexit><latexit sha1_base64="oLwnk9lC3g12qkIQNmxi65+Io3s="></latexit>

⌧
<latexit sha1_base64="I7xRmwAmP/n8SnJl4IW5l8w8mQ4=">AAAB63icdVBNSwMxEM3Wr1q/qh69BIvgqWSL2PZW9OKxgv2AdinZNNuGJrtLMiuUpX/BiwdFvPqHvPlvzLYrqOiDgcd7M8zM82MpDBDy4RTW1jc2t4rbpZ3dvf2D8uFR10SJZrzDIhnpvk8NlyLkHRAgeT/WnCpf8p4/u8783j3XRkThHcxj7ik6CUUgGIVMGgJNRuUKqTYbl6RJMKmSJSxxSbNeq2M3VyooR3tUfh+OI5YoHgKT1JiBS2LwUqpBMMkXpWFieEzZjE74wNKQKm68dHnrAp9ZZYyDSNsKAS/V7xMpVcbMlW87FYWp+e1l4l/eIIGg4aUijBPgIVstChKJIcLZ43gsNGcg55ZQpoW9FbMp1ZSBjadkQ/j6FP9PujUbS9W9vai0rvI4iugEnaJz5KI6aqEb1EYdxNAUPaAn9Owo59F5cV5XrQUnnzlGP+C8fQJ1W46C</latexit><latexit sha1_base64="I7xRmwAmP/n8SnJl4IW5l8w8mQ4=">AAAB63icdVBNSwMxEM3Wr1q/qh69BIvgqWSL2PZW9OKxgv2AdinZNNuGJrtLMiuUpX/BiwdFvPqHvPlvzLYrqOiDgcd7M8zM82MpDBDy4RTW1jc2t4rbpZ3dvf2D8uFR10SJZrzDIhnpvk8NlyLkHRAgeT/WnCpf8p4/u8783j3XRkThHcxj7ik6CUUgGIVMGgJNRuUKqTYbl6RJMKmSJSxxSbNeq2M3VyooR3tUfh+OI5YoHgKT1JiBS2LwUqpBMMkXpWFieEzZjE74wNKQKm68dHnrAp9ZZYyDSNsKAS/V7xMpVcbMlW87FYWp+e1l4l/eIIGg4aUijBPgIVstChKJIcLZ43gsNGcg55ZQpoW9FbMp1ZSBjadkQ/j6FP9PujUbS9W9vai0rvI4iugEnaJz5KI6aqEb1EYdxNAUPaAn9Owo59F5cV5XrQUnnzlGP+C8fQJ1W46C</latexit><latexit sha1_base64="I7xRmwAmP/n8SnJl4IW5l8w8mQ4=">AAAB63icdVBNSwMxEM3Wr1q/qh69BIvgqWSL2PZW9OKxgv2AdinZNNuGJrtLMiuUpX/BiwdFvPqHvPlvzLYrqOiDgcd7M8zM82MpDBDy4RTW1jc2t4rbpZ3dvf2D8uFR10SJZrzDIhnpvk8NlyLkHRAgeT/WnCpf8p4/u8783j3XRkThHcxj7ik6CUUgGIVMGgJNRuUKqTYbl6RJMKmSJSxxSbNeq2M3VyooR3tUfh+OI5YoHgKT1JiBS2LwUqpBMMkXpWFieEzZjE74wNKQKm68dHnrAp9ZZYyDSNsKAS/V7xMpVcbMlW87FYWp+e1l4l/eIIGg4aUijBPgIVstChKJIcLZ43gsNGcg55ZQpoW9FbMp1ZSBjadkQ/j6FP9PujUbS9W9vai0rvI4iugEnaJz5KI6aqEb1EYdxNAUPaAn9Owo59F5cV5XrQUnnzlGP+C8fQJ1W46C</latexit><latexit sha1_base64="I7xRmwAmP/n8SnJl4IW5l8w8mQ4=">AAAB63icdVBNSwMxEM3Wr1q/qh69BIvgqWSL2PZW9OKxgv2AdinZNNuGJrtLMiuUpX/BiwdFvPqHvPlvzLYrqOiDgcd7M8zM82MpDBDy4RTW1jc2t4rbpZ3dvf2D8uFR10SJZrzDIhnpvk8NlyLkHRAgeT/WnCpf8p4/u8783j3XRkThHcxj7ik6CUUgGIVMGgJNRuUKqTYbl6RJMKmSJSxxSbNeq2M3VyooR3tUfh+OI5YoHgKT1JiBS2LwUqpBMMkXpWFieEzZjE74wNKQKm68dHnrAp9ZZYyDSNsKAS/V7xMpVcbMlW87FYWp+e1l4l/eIIGg4aUijBPgIVstChKJIcLZ43gsNGcg55ZQpoW9FbMp1ZSBjadkQ/j6FP9PujUbS9W9vai0rvI4iugEnaJz5KI6aqEb1EYdxNAUPaAn9Owo59F5cV5XrQUnnzlGP+C8fQJ1W46C</latexit>

Imaginary time propagation (cooling the system)



for large enough      one gets 
the ground state

�@| i
@⌧

= H| i
<latexit sha1_base64="PgCGY2WYrL1egUUFTvehlSh28V4=">AAACJXicbVDLSgMxFM3UV62vqks3wSK4scyIoAuFopsuK9gHdIZyJ820oZnMkGSEMvZn3PgrblxYRHDlr5hpC9bWA4HDOfdyco8fc6a0bX9ZuZXVtfWN/GZha3tnd6+4f9BQUSIJrZOIR7Llg6KcCVrXTHPaiiWF0Oe06Q/uMr/5SKVikXjQw5h6IfQECxgBbaRO8frMDSSQ1I1BagYcP7k1xVwJosfp6Fd2NSQjfIOr836nWLLL9gR4mTgzUkIz1DrFsduNSBJSoQkHpdqOHWsvzTKIiSu4iaIxkAH0aNtQASFVXjq5coRPjNLFQSTNExpP1PmNFEKlhqFvJkPQfbXoZeJ/XjvRwZWXMhEnmgoyDQoSjnWEs8pwl0lKNB8aAkQy81dM+mBa06bYginBWTx5mTTOy45ddu4vSpXbWR15dISO0Sly0CWqoCqqoToi6Bm9onc0tl6sN+vD+pyO5qzZziH6A+v7B8uFpgc=</latexit><latexit sha1_base64="PgCGY2WYrL1egUUFTvehlSh28V4=">AAACJXicbVDLSgMxFM3UV62vqks3wSK4scyIoAuFopsuK9gHdIZyJ820oZnMkGSEMvZn3PgrblxYRHDlr5hpC9bWA4HDOfdyco8fc6a0bX9ZuZXVtfWN/GZha3tnd6+4f9BQUSIJrZOIR7Llg6KcCVrXTHPaiiWF0Oe06Q/uMr/5SKVikXjQw5h6IfQECxgBbaRO8frMDSSQ1I1BagYcP7k1xVwJosfp6Fd2NSQjfIOr836nWLLL9gR4mTgzUkIz1DrFsduNSBJSoQkHpdqOHWsvzTKIiSu4iaIxkAH0aNtQASFVXjq5coRPjNLFQSTNExpP1PmNFEKlhqFvJkPQfbXoZeJ/XjvRwZWXMhEnmgoyDQoSjnWEs8pwl0lKNB8aAkQy81dM+mBa06bYginBWTx5mTTOy45ddu4vSpXbWR15dISO0Sly0CWqoCqqoToi6Bm9onc0tl6sN+vD+pyO5qzZziH6A+v7B8uFpgc=</latexit><latexit sha1_base64="PgCGY2WYrL1egUUFTvehlSh28V4=">AAACJXicbVDLSgMxFM3UV62vqks3wSK4scyIoAuFopsuK9gHdIZyJ820oZnMkGSEMvZn3PgrblxYRHDlr5hpC9bWA4HDOfdyco8fc6a0bX9ZuZXVtfWN/GZha3tnd6+4f9BQUSIJrZOIR7Llg6KcCVrXTHPaiiWF0Oe06Q/uMr/5SKVikXjQw5h6IfQECxgBbaRO8frMDSSQ1I1BagYcP7k1xVwJosfp6Fd2NSQjfIOr836nWLLL9gR4mTgzUkIz1DrFsduNSBJSoQkHpdqOHWsvzTKIiSu4iaIxkAH0aNtQASFVXjq5coRPjNLFQSTNExpP1PmNFEKlhqFvJkPQfbXoZeJ/XjvRwZWXMhEnmgoyDQoSjnWEs8pwl0lKNB8aAkQy81dM+mBa06bYginBWTx5mTTOy45ddu4vSpXbWR15dISO0Sly0CWqoCqqoToi6Bm9onc0tl6sN+vD+pyO5qzZziH6A+v7B8uFpgc=</latexit><latexit sha1_base64="PgCGY2WYrL1egUUFTvehlSh28V4=">AAACJXicbVDLSgMxFM3UV62vqks3wSK4scyIoAuFopsuK9gHdIZyJ820oZnMkGSEMvZn3PgrblxYRHDlr5hpC9bWA4HDOfdyco8fc6a0bX9ZuZXVtfWN/GZha3tnd6+4f9BQUSIJrZOIR7Llg6KcCVrXTHPaiiWF0Oe06Q/uMr/5SKVikXjQw5h6IfQECxgBbaRO8frMDSSQ1I1BagYcP7k1xVwJosfp6Fd2NSQjfIOr836nWLLL9gR4mTgzUkIz1DrFsduNSBJSoQkHpdqOHWsvzTKIiSu4iaIxkAH0aNtQASFVXjq5coRPjNLFQSTNExpP1PmNFEKlhqFvJkPQfbXoZeJ/XjvRwZWXMhEnmgoyDQoSjnWEs8pwl0lKNB8aAkQy81dM+mBa06bYginBWTx5mTTOy45ddu4vSpXbWR15dISO0Sly0CWqoCqqoToi6Bm9onc0tl6sN+vD+pyO5qzZziH6A+v7B8uFpgc=</latexit>

⌧ = it
<latexit sha1_base64="2qpv5UATFi+UwLZu0iHE2FyDXN0=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0EYI2lhGMDGSHGFvs5cs2d07dueEEPIrbCwUsfXn2Plv3CRXaOKDgcd7M8zMi1IpLPr+t1dYWV1b3yhulra2d3b3yvsHTZtkhvEGS2RiWhG1XArNGyhQ8lZqOFWR5A/R8GbqPzxxY0Wi73GU8lDRvhaxYBSd9NhBmpErIrBbrvhVfwayTIKcVCBHvVv+6vQSlimukUlqbTvwUwzH1KBgkk9KnczylLIh7fO2o5oqbsPx7OAJOXFKj8SJcaWRzNTfE2OqrB2pyHUqigO76E3F/7x2hvFlOBY6zZBrNl8UZ5JgQqbfk54wnKEcOUKZEe5WwgbUUIYuo5ILIVh8eZk0z6qBXw3uziu16zyOIhzBMZxCABdQg1uoQwMYKHiGV3jzjPfivXsf89aCl88cwh94nz/wd4/U</latexit><latexit sha1_base64="2qpv5UATFi+UwLZu0iHE2FyDXN0=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0EYI2lhGMDGSHGFvs5cs2d07dueEEPIrbCwUsfXn2Plv3CRXaOKDgcd7M8zMi1IpLPr+t1dYWV1b3yhulra2d3b3yvsHTZtkhvEGS2RiWhG1XArNGyhQ8lZqOFWR5A/R8GbqPzxxY0Wi73GU8lDRvhaxYBSd9NhBmpErIrBbrvhVfwayTIKcVCBHvVv+6vQSlimukUlqbTvwUwzH1KBgkk9KnczylLIh7fO2o5oqbsPx7OAJOXFKj8SJcaWRzNTfE2OqrB2pyHUqigO76E3F/7x2hvFlOBY6zZBrNl8UZ5JgQqbfk54wnKEcOUKZEe5WwgbUUIYuo5ILIVh8eZk0z6qBXw3uziu16zyOIhzBMZxCABdQg1uoQwMYKHiGV3jzjPfivXsf89aCl88cwh94nz/wd4/U</latexit><latexit sha1_base64="2qpv5UATFi+UwLZu0iHE2FyDXN0=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0EYI2lhGMDGSHGFvs5cs2d07dueEEPIrbCwUsfXn2Plv3CRXaOKDgcd7M8zMi1IpLPr+t1dYWV1b3yhulra2d3b3yvsHTZtkhvEGS2RiWhG1XArNGyhQ8lZqOFWR5A/R8GbqPzxxY0Wi73GU8lDRvhaxYBSd9NhBmpErIrBbrvhVfwayTIKcVCBHvVv+6vQSlimukUlqbTvwUwzH1KBgkk9KnczylLIh7fO2o5oqbsPx7OAJOXFKj8SJcaWRzNTfE2OqrB2pyHUqigO76E3F/7x2hvFlOBY6zZBrNl8UZ5JgQqbfk54wnKEcOUKZEe5WwgbUUIYuo5ILIVh8eZk0z6qBXw3uziu16zyOIhzBMZxCABdQg1uoQwMYKHiGV3jzjPfivXsf89aCl88cwh94nz/wd4/U</latexit><latexit sha1_base64="2qpv5UATFi+UwLZu0iHE2FyDXN0=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0EYI2lhGMDGSHGFvs5cs2d07dueEEPIrbCwUsfXn2Plv3CRXaOKDgcd7M8zMi1IpLPr+t1dYWV1b3yhulra2d3b3yvsHTZtkhvEGS2RiWhG1XArNGyhQ8lZqOFWR5A/R8GbqPzxxY0Wi73GU8lDRvhaxYBSd9NhBmpErIrBbrvhVfwayTIKcVCBHvVv+6vQSlimukUlqbTvwUwzH1KBgkk9KnczylLIh7fO2o5oqbsPx7OAJOXFKj8SJcaWRzNTfE2OqrB2pyHUqigO76E3F/7x2hvFlOBY6zZBrNl8UZ5JgQqbfk54wnKEcOUKZEe5WwgbUUIYuo5ILIVh8eZk0z6qBXw3uziu16zyOIhzBMZxCABdQg1uoQwMYKHiGV3jzjPfivXsf89aCl88cwh94nz/wd4/U</latexit>

where

same role as inverse temperature
(we are cooling the system)

| (⌧)i = e�⌧H | (0)i
<latexit sha1_base64="vJdW3ZAh6gCcIGzLSaMIsVfR6sk=">AAACGHicbVBNS8NAEN3Ur1q/qh69LBahHqyJCHoRil56rGA/oIlls522SzebsLsRSuzP8OJf8eJBEa+9+W/cthG09cHA470ZZub5EWdK2/aXlVlaXlldy67nNja3tnfyu3t1FcaSQo2GPJRNnyjgTEBNM82hGUkggc+h4Q9uJn7jAaRiobjTwwi8gPQE6zJKtJHa+dNHt6pY0dUkPnYlET0O+ArDfXIykXBlNPPtH7OdL9glewq8SJyUFFCKajs/djshjQMQmnKiVMuxI+0lRGpGOYxybqwgInRAetAyVJAAlJdMHxvhI6N0cDeUpoTGU/X3REICpYaBbzoDovtq3puI/3mtWHcvvYSJKNYg6GxRN+ZYh3iSEu4wCVTzoSGESmZuxbRPJKHaZJkzITjzLy+S+lnJsUvO7XmhfJ3GkUUH6BAVkYMuUBlVUBXVEEVP6AW9oXfr2Xq1PqzPWWvGSmf20R9Y428FMp8e</latexit><latexit sha1_base64="vJdW3ZAh6gCcIGzLSaMIsVfR6sk=">AAACGHicbVBNS8NAEN3Ur1q/qh69LBahHqyJCHoRil56rGA/oIlls522SzebsLsRSuzP8OJf8eJBEa+9+W/cthG09cHA470ZZub5EWdK2/aXlVlaXlldy67nNja3tnfyu3t1FcaSQo2GPJRNnyjgTEBNM82hGUkggc+h4Q9uJn7jAaRiobjTwwi8gPQE6zJKtJHa+dNHt6pY0dUkPnYlET0O+ArDfXIykXBlNPPtH7OdL9glewq8SJyUFFCKajs/djshjQMQmnKiVMuxI+0lRGpGOYxybqwgInRAetAyVJAAlJdMHxvhI6N0cDeUpoTGU/X3REICpYaBbzoDovtq3puI/3mtWHcvvYSJKNYg6GxRN+ZYh3iSEu4wCVTzoSGESmZuxbRPJKHaZJkzITjzLy+S+lnJsUvO7XmhfJ3GkUUH6BAVkYMuUBlVUBXVEEVP6AW9oXfr2Xq1PqzPWWvGSmf20R9Y428FMp8e</latexit><latexit sha1_base64="vJdW3ZAh6gCcIGzLSaMIsVfR6sk=">AAACGHicbVBNS8NAEN3Ur1q/qh69LBahHqyJCHoRil56rGA/oIlls522SzebsLsRSuzP8OJf8eJBEa+9+W/cthG09cHA470ZZub5EWdK2/aXlVlaXlldy67nNja3tnfyu3t1FcaSQo2GPJRNnyjgTEBNM82hGUkggc+h4Q9uJn7jAaRiobjTwwi8gPQE6zJKtJHa+dNHt6pY0dUkPnYlET0O+ArDfXIykXBlNPPtH7OdL9glewq8SJyUFFCKajs/djshjQMQmnKiVMuxI+0lRGpGOYxybqwgInRAetAyVJAAlJdMHxvhI6N0cDeUpoTGU/X3REICpYaBbzoDovtq3puI/3mtWHcvvYSJKNYg6GxRN+ZYh3iSEu4wCVTzoSGESmZuxbRPJKHaZJkzITjzLy+S+lnJsUvO7XmhfJ3GkUUH6BAVkYMuUBlVUBXVEEVP6AW9oXfr2Xq1PqzPWWvGSmf20R9Y428FMp8e</latexit><latexit sha1_base64="vJdW3ZAh6gCcIGzLSaMIsVfR6sk=">AAACGHicbVBNS8NAEN3Ur1q/qh69LBahHqyJCHoRil56rGA/oIlls522SzebsLsRSuzP8OJf8eJBEa+9+W/cthG09cHA470ZZub5EWdK2/aXlVlaXlldy67nNja3tnfyu3t1FcaSQo2GPJRNnyjgTEBNM82hGUkggc+h4Q9uJn7jAaRiobjTwwi8gPQE6zJKtJHa+dNHt6pY0dUkPnYlET0O+ArDfXIykXBlNPPtH7OdL9glewq8SJyUFFCKajs/djshjQMQmnKiVMuxI+0lRGpGOYxybqwgInRAetAyVJAAlJdMHxvhI6N0cDeUpoTGU/X3REICpYaBbzoDovtq3puI/3mtWHcvvYSJKNYg6GxRN+ZYh3iSEu4wCVTzoSGESmZuxbRPJKHaZJkzITjzLy+S+lnJsUvO7XmhfJ3GkUUH6BAVkYMuUBlVUBXVEEVP6AW9oXfr2Xq1PqzPWWvGSmf20R9Y428FMp8e</latexit>

| (0)i = c0|�0i+ c1|�1i+ c2|�2i+ · · ·
<latexit sha1_base64="2cghPWtTgqRB+lbGrkIgvgWfMfY="></latexit><latexit sha1_base64="2cghPWtTgqRB+lbGrkIgvgWfMfY="></latexit><latexit sha1_base64="2cghPWtTgqRB+lbGrkIgvgWfMfY="></latexit><latexit sha1_base64="2cghPWtTgqRB+lbGrkIgvgWfMfY="></latexit>

If

then | (⌧)i = c0e
�⌧E0 |�0i+ c1e

�⌧E1 |�1i+ c2e
�⌧E2 |�2i+ · · ·

<latexit sha1_base64="oLwnk9lC3g12qkIQNmxi65+Io3s="></latexit><latexit sha1_base64="oLwnk9lC3g12qkIQNmxi65+Io3s="></latexit><latexit sha1_base64="oLwnk9lC3g12qkIQNmxi65+Io3s="></latexit><latexit sha1_base64="oLwnk9lC3g12qkIQNmxi65+Io3s="></latexit>

⌧
<latexit sha1_base64="I7xRmwAmP/n8SnJl4IW5l8w8mQ4=">AAAB63icdVBNSwMxEM3Wr1q/qh69BIvgqWSL2PZW9OKxgv2AdinZNNuGJrtLMiuUpX/BiwdFvPqHvPlvzLYrqOiDgcd7M8zM82MpDBDy4RTW1jc2t4rbpZ3dvf2D8uFR10SJZrzDIhnpvk8NlyLkHRAgeT/WnCpf8p4/u8783j3XRkThHcxj7ik6CUUgGIVMGgJNRuUKqTYbl6RJMKmSJSxxSbNeq2M3VyooR3tUfh+OI5YoHgKT1JiBS2LwUqpBMMkXpWFieEzZjE74wNKQKm68dHnrAp9ZZYyDSNsKAS/V7xMpVcbMlW87FYWp+e1l4l/eIIGg4aUijBPgIVstChKJIcLZ43gsNGcg55ZQpoW9FbMp1ZSBjadkQ/j6FP9PujUbS9W9vai0rvI4iugEnaJz5KI6aqEb1EYdxNAUPaAn9Owo59F5cV5XrQUnnzlGP+C8fQJ1W46C</latexit><latexit sha1_base64="I7xRmwAmP/n8SnJl4IW5l8w8mQ4=">AAAB63icdVBNSwMxEM3Wr1q/qh69BIvgqWSL2PZW9OKxgv2AdinZNNuGJrtLMiuUpX/BiwdFvPqHvPlvzLYrqOiDgcd7M8zM82MpDBDy4RTW1jc2t4rbpZ3dvf2D8uFR10SJZrzDIhnpvk8NlyLkHRAgeT/WnCpf8p4/u8783j3XRkThHcxj7ik6CUUgGIVMGgJNRuUKqTYbl6RJMKmSJSxxSbNeq2M3VyooR3tUfh+OI5YoHgKT1JiBS2LwUqpBMMkXpWFieEzZjE74wNKQKm68dHnrAp9ZZYyDSNsKAS/V7xMpVcbMlW87FYWp+e1l4l/eIIGg4aUijBPgIVstChKJIcLZ43gsNGcg55ZQpoW9FbMp1ZSBjadkQ/j6FP9PujUbS9W9vai0rvI4iugEnaJz5KI6aqEb1EYdxNAUPaAn9Owo59F5cV5XrQUnnzlGP+C8fQJ1W46C</latexit><latexit sha1_base64="I7xRmwAmP/n8SnJl4IW5l8w8mQ4=">AAAB63icdVBNSwMxEM3Wr1q/qh69BIvgqWSL2PZW9OKxgv2AdinZNNuGJrtLMiuUpX/BiwdFvPqHvPlvzLYrqOiDgcd7M8zM82MpDBDy4RTW1jc2t4rbpZ3dvf2D8uFR10SJZrzDIhnpvk8NlyLkHRAgeT/WnCpf8p4/u8783j3XRkThHcxj7ik6CUUgGIVMGgJNRuUKqTYbl6RJMKmSJSxxSbNeq2M3VyooR3tUfh+OI5YoHgKT1JiBS2LwUqpBMMkXpWFieEzZjE74wNKQKm68dHnrAp9ZZYyDSNsKAS/V7xMpVcbMlW87FYWp+e1l4l/eIIGg4aUijBPgIVstChKJIcLZ43gsNGcg55ZQpoW9FbMp1ZSBjadkQ/j6FP9PujUbS9W9vai0rvI4iugEnaJz5KI6aqEb1EYdxNAUPaAn9Owo59F5cV5XrQUnnzlGP+C8fQJ1W46C</latexit><latexit sha1_base64="I7xRmwAmP/n8SnJl4IW5l8w8mQ4=">AAAB63icdVBNSwMxEM3Wr1q/qh69BIvgqWSL2PZW9OKxgv2AdinZNNuGJrtLMiuUpX/BiwdFvPqHvPlvzLYrqOiDgcd7M8zM82MpDBDy4RTW1jc2t4rbpZ3dvf2D8uFR10SJZrzDIhnpvk8NlyLkHRAgeT/WnCpf8p4/u8783j3XRkThHcxj7ik6CUUgGIVMGgJNRuUKqTYbl6RJMKmSJSxxSbNeq2M3VyooR3tUfh+OI5YoHgKT1JiBS2LwUqpBMMkXpWFieEzZjE74wNKQKm68dHnrAp9ZZYyDSNsKAS/V7xMpVcbMlW87FYWp+e1l4l/eIIGg4aUijBPgIVstChKJIcLZ43gsNGcg55ZQpoW9FbMp1ZSBjadkQ/j6FP9PujUbS9W9vai0rvI4iugEnaJz5KI6aqEb1EYdxNAUPaAn9Owo59F5cV5XrQUnnzlGP+C8fQJ1W46C</latexit>

⌧
<latexit sha1_base64="rx/s5aCvXUP35GpplwAkBrTmD4o=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NJlmyu3fszgnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelEhh0fe/vdLa+sbmVnm7srO7t39QPTxq2zg1jLdYLGPTiajlUmjeQoGSdxLDqYokf4wmt7n/+MSNFbF+wGnCQ0VHWgwFo5hLPaRpv1rz6/4cZJUEBalBgWa/+tUbxCxVXCOT1Npu4CcYZtSgYJLPKr3U8oSyCR3xrqOaKm7DbH7rjJw5ZUCGsXGlkczV3xMZVdZOVeQ6FcWxXfZy8T+vm+LwOsyETlLkmi0WDVNJMCb542QgDGcop45QZoS7lbAxNZShi6fiQgiWX14l7Yt64NeD+8ta46aIowwncArnEMAVNOAOmtACBmN4hld485T34r17H4vWklfMHMMfeJ8/IS2OSA==</latexit><latexit sha1_base64="rx/s5aCvXUP35GpplwAkBrTmD4o=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NJlmyu3fszgnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelEhh0fe/vdLa+sbmVnm7srO7t39QPTxq2zg1jLdYLGPTiajlUmjeQoGSdxLDqYokf4wmt7n/+MSNFbF+wGnCQ0VHWgwFo5hLPaRpv1rz6/4cZJUEBalBgWa/+tUbxCxVXCOT1Npu4CcYZtSgYJLPKr3U8oSyCR3xrqOaKm7DbH7rjJw5ZUCGsXGlkczV3xMZVdZOVeQ6FcWxXfZy8T+vm+LwOsyETlLkmi0WDVNJMCb542QgDGcop45QZoS7lbAxNZShi6fiQgiWX14l7Yt64NeD+8ta46aIowwncArnEMAVNOAOmtACBmN4hld485T34r17H4vWklfMHMMfeJ8/IS2OSA==</latexit><latexit sha1_base64="rx/s5aCvXUP35GpplwAkBrTmD4o=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NJlmyu3fszgnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelEhh0fe/vdLa+sbmVnm7srO7t39QPTxq2zg1jLdYLGPTiajlUmjeQoGSdxLDqYokf4wmt7n/+MSNFbF+wGnCQ0VHWgwFo5hLPaRpv1rz6/4cZJUEBalBgWa/+tUbxCxVXCOT1Npu4CcYZtSgYJLPKr3U8oSyCR3xrqOaKm7DbH7rjJw5ZUCGsXGlkczV3xMZVdZOVeQ6FcWxXfZy8T+vm+LwOsyETlLkmi0WDVNJMCb542QgDGcop45QZoS7lbAxNZShi6fiQgiWX14l7Yt64NeD+8ta46aIowwncArnEMAVNOAOmtACBmN4hld485T34r17H4vWklfMHMMfeJ8/IS2OSA==</latexit><latexit sha1_base64="rx/s5aCvXUP35GpplwAkBrTmD4o=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NJlmyu3fszgnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelEhh0fe/vdLa+sbmVnm7srO7t39QPTxq2zg1jLdYLGPTiajlUmjeQoGSdxLDqYokf4wmt7n/+MSNFbF+wGnCQ0VHWgwFo5hLPaRpv1rz6/4cZJUEBalBgWa/+tUbxCxVXCOT1Npu4CcYZtSgYJLPKr3U8oSyCR3xrqOaKm7DbH7rjJw5ZUCGsXGlkczV3xMZVdZOVeQ6FcWxXfZy8T+vm+LwOsyETlLkmi0WDVNJMCb542QgDGcop45QZoS7lbAxNZShi6fiQgiWX14l7Yt64NeD+8ta46aIowwncArnEMAVNOAOmtACBmN4hld485T34r17H4vWklfMHMMfeJ8/IS2OSA==</latexit>

c0e
�⌧E0

<latexit sha1_base64="9DQjQZPkmMkzM4llvwScNqpkvk8=">AAAB+XicbVBNS8NAEJ34WetX1KOXxSJ4sWxE0GNRBI8V7Ae0MWy2m3bpZhN2N4US+k+8eFDEq//Em//GbZuDtj4YeLw3w8y8MBVcG4y/nZXVtfWNzdJWeXtnd2/fPThs6iRTlDVoIhLVDolmgkvWMNwI1k4VI3EoWCsc3k791ogpzRP5aMYp82PSlzzilBgrBa5LA8ye8vOuIRm6C/AkcCu4imdAy8QrSAUK1AP3q9tLaBYzaaggWnc8nBo/J8pwKtik3M00Swkdkj7rWCpJzLSfzy6foFOr9FCUKFvSoJn6eyInsdbjOLSdMTEDvehNxf+8Tmaiaz/nMs0Mk3S+KMoEMgmaxoB6XDFqxNgSQhW3tyI6IIpQY8Mq2xC8xZeXSfOi6uGq93BZqd0UcZTgGE7gDDy4ghrcQx0aQGEEz/AKb07uvDjvzse8dcUpZo7gD5zPH0BAkr8=</latexit><latexit sha1_base64="9DQjQZPkmMkzM4llvwScNqpkvk8=">AAAB+XicbVBNS8NAEJ34WetX1KOXxSJ4sWxE0GNRBI8V7Ae0MWy2m3bpZhN2N4US+k+8eFDEq//Em//GbZuDtj4YeLw3w8y8MBVcG4y/nZXVtfWNzdJWeXtnd2/fPThs6iRTlDVoIhLVDolmgkvWMNwI1k4VI3EoWCsc3k791ogpzRP5aMYp82PSlzzilBgrBa5LA8ye8vOuIRm6C/AkcCu4imdAy8QrSAUK1AP3q9tLaBYzaaggWnc8nBo/J8pwKtik3M00Swkdkj7rWCpJzLSfzy6foFOr9FCUKFvSoJn6eyInsdbjOLSdMTEDvehNxf+8Tmaiaz/nMs0Mk3S+KMoEMgmaxoB6XDFqxNgSQhW3tyI6IIpQY8Mq2xC8xZeXSfOi6uGq93BZqd0UcZTgGE7gDDy4ghrcQx0aQGEEz/AKb07uvDjvzse8dcUpZo7gD5zPH0BAkr8=</latexit><latexit sha1_base64="9DQjQZPkmMkzM4llvwScNqpkvk8=">AAAB+XicbVBNS8NAEJ34WetX1KOXxSJ4sWxE0GNRBI8V7Ae0MWy2m3bpZhN2N4US+k+8eFDEq//Em//GbZuDtj4YeLw3w8y8MBVcG4y/nZXVtfWNzdJWeXtnd2/fPThs6iRTlDVoIhLVDolmgkvWMNwI1k4VI3EoWCsc3k791ogpzRP5aMYp82PSlzzilBgrBa5LA8ye8vOuIRm6C/AkcCu4imdAy8QrSAUK1AP3q9tLaBYzaaggWnc8nBo/J8pwKtik3M00Swkdkj7rWCpJzLSfzy6foFOr9FCUKFvSoJn6eyInsdbjOLSdMTEDvehNxf+8Tmaiaz/nMs0Mk3S+KMoEMgmaxoB6XDFqxNgSQhW3tyI6IIpQY8Mq2xC8xZeXSfOi6uGq93BZqd0UcZTgGE7gDDy4ghrcQx0aQGEEz/AKb07uvDjvzse8dcUpZo7gD5zPH0BAkr8=</latexit><latexit sha1_base64="9DQjQZPkmMkzM4llvwScNqpkvk8=">AAAB+XicbVBNS8NAEJ34WetX1KOXxSJ4sWxE0GNRBI8V7Ae0MWy2m3bpZhN2N4US+k+8eFDEq//Em//GbZuDtj4YeLw3w8y8MBVcG4y/nZXVtfWNzdJWeXtnd2/fPThs6iRTlDVoIhLVDolmgkvWMNwI1k4VI3EoWCsc3k791ogpzRP5aMYp82PSlzzilBgrBa5LA8ye8vOuIRm6C/AkcCu4imdAy8QrSAUK1AP3q9tLaBYzaaggWnc8nBo/J8pwKtik3M00Swkdkj7rWCpJzLSfzy6foFOr9FCUKFvSoJn6eyInsdbjOLSdMTEDvehNxf+8Tmaiaz/nMs0Mk3S+KMoEMgmaxoB6XDFqxNgSQhW3tyI6IIpQY8Mq2xC8xZeXSfOi6uGq93BZqd0UcZTgGE7gDDy4ghrcQx0aQGEEz/AKb07uvDjvzse8dcUpZo7gD5zPH0BAkr8=</latexit>

c1e
�⌧E1

<latexit sha1_base64="smGYvTnfi6fYUJTE1BOh5aBgDuU=">AAAB+XicdVDLSsNAFJ34rPUVdelmsAhuDJmitt0VRXBZwT6gjWEynbZDJ5MwMymU0D9x40IRt/6JO//GSRtBRQ9cOJxzL/feE8ScKe26H9bS8srq2npho7i5tb2za+/tt1SUSEKbJOKR7ARYUc4EbWqmOe3EkuIw4LQdjK8yvz2hUrFI3OlpTL0QDwUbMIK1kXzbJj6i9+lpT+MEXvto5tsl16lVLxAqQ9dx58jIeaVWK0OUKyWQo+Hb771+RJKQCk04VqqL3Fh7KZaaEU5nxV6iaIzJGA9p11CBQ6q8dH75DB4bpQ8HkTQlNJyr3ydSHCo1DQPTGWI9Ur+9TPzL6yZ6UPVSJuJEU0EWiwYJhzqCWQywzyQlmk8NwUQycyskIywx0Sasognh61P4P2mVHeQ66PasVL/M4yiAQ3AETgACFVAHN6ABmoCACXgAT+DZSq1H68V6XbQuWfnMAfgB6+0TmJ+S/A==</latexit><latexit sha1_base64="smGYvTnfi6fYUJTE1BOh5aBgDuU=">AAAB+XicdVDLSsNAFJ34rPUVdelmsAhuDJmitt0VRXBZwT6gjWEynbZDJ5MwMymU0D9x40IRt/6JO//GSRtBRQ9cOJxzL/feE8ScKe26H9bS8srq2npho7i5tb2za+/tt1SUSEKbJOKR7ARYUc4EbWqmOe3EkuIw4LQdjK8yvz2hUrFI3OlpTL0QDwUbMIK1kXzbJj6i9+lpT+MEXvto5tsl16lVLxAqQ9dx58jIeaVWK0OUKyWQo+Hb771+RJKQCk04VqqL3Fh7KZaaEU5nxV6iaIzJGA9p11CBQ6q8dH75DB4bpQ8HkTQlNJyr3ydSHCo1DQPTGWI9Ur+9TPzL6yZ6UPVSJuJEU0EWiwYJhzqCWQywzyQlmk8NwUQycyskIywx0Sasognh61P4P2mVHeQ66PasVL/M4yiAQ3AETgACFVAHN6ABmoCACXgAT+DZSq1H68V6XbQuWfnMAfgB6+0TmJ+S/A==</latexit><latexit sha1_base64="smGYvTnfi6fYUJTE1BOh5aBgDuU=">AAAB+XicdVDLSsNAFJ34rPUVdelmsAhuDJmitt0VRXBZwT6gjWEynbZDJ5MwMymU0D9x40IRt/6JO//GSRtBRQ9cOJxzL/feE8ScKe26H9bS8srq2npho7i5tb2za+/tt1SUSEKbJOKR7ARYUc4EbWqmOe3EkuIw4LQdjK8yvz2hUrFI3OlpTL0QDwUbMIK1kXzbJj6i9+lpT+MEXvto5tsl16lVLxAqQ9dx58jIeaVWK0OUKyWQo+Hb771+RJKQCk04VqqL3Fh7KZaaEU5nxV6iaIzJGA9p11CBQ6q8dH75DB4bpQ8HkTQlNJyr3ydSHCo1DQPTGWI9Ur+9TPzL6yZ6UPVSJuJEU0EWiwYJhzqCWQywzyQlmk8NwUQycyskIywx0Sasognh61P4P2mVHeQ66PasVL/M4yiAQ3AETgACFVAHN6ABmoCACXgAT+DZSq1H68V6XbQuWfnMAfgB6+0TmJ+S/A==</latexit><latexit sha1_base64="smGYvTnfi6fYUJTE1BOh5aBgDuU=">AAAB+XicdVDLSsNAFJ34rPUVdelmsAhuDJmitt0VRXBZwT6gjWEynbZDJ5MwMymU0D9x40IRt/6JO//GSRtBRQ9cOJxzL/feE8ScKe26H9bS8srq2npho7i5tb2za+/tt1SUSEKbJOKR7ARYUc4EbWqmOe3EkuIw4LQdjK8yvz2hUrFI3OlpTL0QDwUbMIK1kXzbJj6i9+lpT+MEXvto5tsl16lVLxAqQ9dx58jIeaVWK0OUKyWQo+Hb771+RJKQCk04VqqL3Fh7KZaaEU5nxV6iaIzJGA9p11CBQ6q8dH75DB4bpQ8HkTQlNJyr3ydSHCo1DQPTGWI9Ur+9TPzL6yZ6UPVSJuJEU0EWiwYJhzqCWQywzyQlmk8NwUQycyskIywx0Sasognh61P4P2mVHeQ66PasVL/M4yiAQ3AETgACFVAHN6ABmoCACXgAT+DZSq1H68V6XbQuWfnMAfgB6+0TmJ+S/A==</latexit>
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Imaginary time propagation (cooling the system)
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We cannot do it deterministically.
Can use Stochastic methods (via a trick called Hubbard-Stratonovich transformation)

The noise increases 
exponentially

The energy 
converges 
exponentially

N2 2.4 Bohr cc-pVDZ basis 0.001 au = 0.6 Kcal/mole
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N2 2.4 Bohr cc-pVDZ basis 0.001 au = 0.6 Kcal/mole

Can we use it? (Sort of)
We cannot do it deterministically.
Can use Stochastic methods (via a trick called Hubbard-Stratonovich transformation)

The simulation is very noisy
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N2 2.4 Bohr cc-pVDZ basis 0.001 au = 0.6 Kcal/mole

Can we use it? (Sort of)
We cannot do it deterministically.
Can use Stochastic methods (via a trick called Hubbard-Stratonovich transformation)

The simulation is very noisy
This is the famous sign problem!!!

Most algorithms introduce constrains (bias) e.g
DMC, cp-AFQMC, GFMC, FCIQMC etc
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Can we do better

N2 2.4 Bohr cc-pVDZ basis 0.001 au = 0.6 Kcal/mole
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We can chose to use better initial state
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Can we do better

N2 2.4 Bohr cc-pVDZ basis 0.001 au = 0.6 Kcal/mole
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Can we do better

N2 2.4 Bohr cc-pVDZ basis 0.001 au = 0.6 Kcal/mole
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We can chose to use better initial state
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Can we do better
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<latexit sha1_base64="GKYN6heziY213gUNvAjd7qtYTBg=">AAACRHicfVDNS8MwHE3n15xfVY9egkOYB0crgh6nXnac4D5grSPN0i0sTUuSCqPbH+fFP8Cbf4EXD4p4FdOuB93EB4HHe+/3S/K8iFGpLOvZKCwtr6yuFddLG5tb2zvm7l5LhrHApIlDFoqOhyRhlJOmooqRTiQICjxG2t7oOvXb90RIGvJbNY6IG6ABpz7FSGmpZ3YdXyCcOAzxASNOQ9Le5aQOyV1y4igUw/p0kooV69gRWWQ6l/0n2TPLVtXKABeJnZMyyNHomU9OP8RxQLjCDEnZta1IuQkSimK9r+TEkkQIj9CAdDXlKCDSTbISpvBIK33oh0IfrmCm/pxIUCDlOPB0MkBqKOe9VPzL68bKv3ATyqNYEY5nF/kxgyqEaaOwTwXBio01QVhQ/VaIh0i3qnTvJV2CPf/lRdI6rdpW1b45K9eu8jqK4AAcggqwwTmogTpogCbA4AG8gDfwbjwar8aH8TmLFox8Zh/8gvH1DQ98sg8=</latexit><latexit sha1_base64="GKYN6heziY213gUNvAjd7qtYTBg=">AAACRHicfVDNS8MwHE3n15xfVY9egkOYB0crgh6nXnac4D5grSPN0i0sTUuSCqPbH+fFP8Cbf4EXD4p4FdOuB93EB4HHe+/3S/K8iFGpLOvZKCwtr6yuFddLG5tb2zvm7l5LhrHApIlDFoqOhyRhlJOmooqRTiQICjxG2t7oOvXb90RIGvJbNY6IG6ABpz7FSGmpZ3YdXyCcOAzxASNOQ9Le5aQOyV1y4igUw/p0kooV69gRWWQ6l/0n2TPLVtXKABeJnZMyyNHomU9OP8RxQLjCDEnZta1IuQkSimK9r+TEkkQIj9CAdDXlKCDSTbISpvBIK33oh0IfrmCm/pxIUCDlOPB0MkBqKOe9VPzL68bKv3ATyqNYEY5nF/kxgyqEaaOwTwXBio01QVhQ/VaIh0i3qnTvJV2CPf/lRdI6rdpW1b45K9eu8jqK4AAcggqwwTmogTpogCbA4AG8gDfwbjwar8aH8TmLFox8Zh/8gvH1DQ98sg8=</latexit><latexit sha1_base64="GKYN6heziY213gUNvAjd7qtYTBg=">AAACRHicfVDNS8MwHE3n15xfVY9egkOYB0crgh6nXnac4D5grSPN0i0sTUuSCqPbH+fFP8Cbf4EXD4p4FdOuB93EB4HHe+/3S/K8iFGpLOvZKCwtr6yuFddLG5tb2zvm7l5LhrHApIlDFoqOhyRhlJOmooqRTiQICjxG2t7oOvXb90RIGvJbNY6IG6ABpz7FSGmpZ3YdXyCcOAzxASNOQ9Le5aQOyV1y4igUw/p0kooV69gRWWQ6l/0n2TPLVtXKABeJnZMyyNHomU9OP8RxQLjCDEnZta1IuQkSimK9r+TEkkQIj9CAdDXlKCDSTbISpvBIK33oh0IfrmCm/pxIUCDlOPB0MkBqKOe9VPzL68bKv3ATyqNYEY5nF/kxgyqEaaOwTwXBio01QVhQ/VaIh0i3qnTvJV2CPf/lRdI6rdpW1b45K9eu8jqK4AAcggqwwTmogTpogCbA4AG8gDfwbjwar8aH8TmLFox8Zh/8gvH1DQ98sg8=</latexit><latexit sha1_base64="GKYN6heziY213gUNvAjd7qtYTBg=">AAACRHicfVDNS8MwHE3n15xfVY9egkOYB0crgh6nXnac4D5grSPN0i0sTUuSCqPbH+fFP8Cbf4EXD4p4FdOuB93EB4HHe+/3S/K8iFGpLOvZKCwtr6yuFddLG5tb2zvm7l5LhrHApIlDFoqOhyRhlJOmooqRTiQICjxG2t7oOvXb90RIGvJbNY6IG6ABpz7FSGmpZ3YdXyCcOAzxASNOQ9Le5aQOyV1y4igUw/p0kooV69gRWWQ6l/0n2TPLVtXKABeJnZMyyNHomU9OP8RxQLjCDEnZta1IuQkSimK9r+TEkkQIj9CAdDXlKCDSTbISpvBIK33oh0IfrmCm/pxIUCDlOPB0MkBqKOe9VPzL68bKv3ATyqNYEY5nF/kxgyqEaaOwTwXBio01QVhQ/VaIh0i3qnTvJV2CPf/lRdI6rdpW1b45K9eu8jqK4AAcggqwwTmogTpogCbA4AG8gDfwbjwar8aH8TmLFox8Zh/8gvH1DQ98sg8=</latexit>
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Can we do better

N2 2.4 Bohr cc-pVDZ basis 0.001 au = 0.6 Kcal/mole

| (0)i = c0|�0i+ c1|�1i+ c2|�2i+ · · ·
<latexit sha1_base64="2cghPWtTgqRB+lbGrkIgvgWfMfY="></latexit><latexit sha1_base64="2cghPWtTgqRB+lbGrkIgvgWfMfY="></latexit><latexit sha1_base64="2cghPWtTgqRB+lbGrkIgvgWfMfY="></latexit><latexit sha1_base64="2cghPWtTgqRB+lbGrkIgvgWfMfY="></latexit>

| (⌧)i = c0e
�⌧E0 |�0i+ c1e

�⌧E1 |�1i+ c2e
�⌧E2 |�2i+ · · ·

<latexit sha1_base64="oLwnk9lC3g12qkIQNmxi65+Io3s="></latexit><latexit sha1_base64="oLwnk9lC3g12qkIQNmxi65+Io3s="></latexit><latexit sha1_base64="oLwnk9lC3g12qkIQNmxi65+Io3s="></latexit><latexit sha1_base64="oLwnk9lC3g12qkIQNmxi65+Io3s="></latexit>

We can chose to use better initial state

h A|He
�⌧H | (0)i

h A|e�⌧H | (0)i
<latexit sha1_base64="GKYN6heziY213gUNvAjd7qtYTBg=">AAACRHicfVDNS8MwHE3n15xfVY9egkOYB0crgh6nXnac4D5grSPN0i0sTUuSCqPbH+fFP8Cbf4EXD4p4FdOuB93EB4HHe+/3S/K8iFGpLOvZKCwtr6yuFddLG5tb2zvm7l5LhrHApIlDFoqOhyRhlJOmooqRTiQICjxG2t7oOvXb90RIGvJbNY6IG6ABpz7FSGmpZ3YdXyCcOAzxASNOQ9Le5aQOyV1y4igUw/p0kooV69gRWWQ6l/0n2TPLVtXKABeJnZMyyNHomU9OP8RxQLjCDEnZta1IuQkSimK9r+TEkkQIj9CAdDXlKCDSTbISpvBIK33oh0IfrmCm/pxIUCDlOPB0MkBqKOe9VPzL68bKv3ATyqNYEY5nF/kxgyqEaaOwTwXBio01QVhQ/VaIh0i3qnTvJV2CPf/lRdI6rdpW1b45K9eu8jqK4AAcggqwwTmogTpogCbA4AG8gDfwbjwar8aH8TmLFox8Zh/8gvH1DQ98sg8=</latexit><latexit sha1_base64="GKYN6heziY213gUNvAjd7qtYTBg=">AAACRHicfVDNS8MwHE3n15xfVY9egkOYB0crgh6nXnac4D5grSPN0i0sTUuSCqPbH+fFP8Cbf4EXD4p4FdOuB93EB4HHe+/3S/K8iFGpLOvZKCwtr6yuFddLG5tb2zvm7l5LhrHApIlDFoqOhyRhlJOmooqRTiQICjxG2t7oOvXb90RIGvJbNY6IG6ABpz7FSGmpZ3YdXyCcOAzxASNOQ9Le5aQOyV1y4igUw/p0kooV69gRWWQ6l/0n2TPLVtXKABeJnZMyyNHomU9OP8RxQLjCDEnZta1IuQkSimK9r+TEkkQIj9CAdDXlKCDSTbISpvBIK33oh0IfrmCm/pxIUCDlOPB0MkBqKOe9VPzL68bKv3ATyqNYEY5nF/kxgyqEaaOwTwXBio01QVhQ/VaIh0i3qnTvJV2CPf/lRdI6rdpW1b45K9eu8jqK4AAcggqwwTmogTpogCbA4AG8gDfwbjwar8aH8TmLFox8Zh/8gvH1DQ98sg8=</latexit><latexit sha1_base64="GKYN6heziY213gUNvAjd7qtYTBg=">AAACRHicfVDNS8MwHE3n15xfVY9egkOYB0crgh6nXnac4D5grSPN0i0sTUuSCqPbH+fFP8Cbf4EXD4p4FdOuB93EB4HHe+/3S/K8iFGpLOvZKCwtr6yuFddLG5tb2zvm7l5LhrHApIlDFoqOhyRhlJOmooqRTiQICjxG2t7oOvXb90RIGvJbNY6IG6ABpz7FSGmpZ3YdXyCcOAzxASNOQ9Le5aQOyV1y4igUw/p0kooV69gRWWQ6l/0n2TPLVtXKABeJnZMyyNHomU9OP8RxQLjCDEnZta1IuQkSimK9r+TEkkQIj9CAdDXlKCDSTbISpvBIK33oh0IfrmCm/pxIUCDlOPB0MkBqKOe9VPzL68bKv3ATyqNYEY5nF/kxgyqEaaOwTwXBio01QVhQ/VaIh0i3qnTvJV2CPf/lRdI6rdpW1b45K9eu8jqK4AAcggqwwTmogTpogCbA4AG8gDfwbjwar8aH8TmLFox8Zh/8gvH1DQ98sg8=</latexit><latexit sha1_base64="GKYN6heziY213gUNvAjd7qtYTBg=">AAACRHicfVDNS8MwHE3n15xfVY9egkOYB0crgh6nXnac4D5grSPN0i0sTUuSCqPbH+fFP8Cbf4EXD4p4FdOuB93EB4HHe+/3S/K8iFGpLOvZKCwtr6yuFddLG5tb2zvm7l5LhrHApIlDFoqOhyRhlJOmooqRTiQICjxG2t7oOvXb90RIGvJbNY6IG6ABpz7FSGmpZ3YdXyCcOAzxASNOQ9Le5aQOyV1y4igUw/p0kooV69gRWWQ6l/0n2TPLVtXKABeJnZMyyNHomU9OP8RxQLjCDEnZta1IuQkSimK9r+TEkkQIj9CAdDXlKCDSTbISpvBIK33oh0IfrmCm/pxIUCDlOPB0MkBqKOe9VPzL68bKv3ATyqNYEY5nF/kxgyqEaaOwTwXBio01QVhQ/VaIh0i3qnTvJV2CPf/lRdI6rdpW1b45K9eu8jqK4AAcggqwwTmogTpogCbA4AG8gDfwbjwar8aH8TmLFox8Zh/8gvH1DQ98sg8=</latexit>

JCP, 152, 2020, 194108

Generalization of Filippi, Assaraf 
algorithm



Dealing with multislater wavefunctions
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Algorithm I, ✏ = 10�7

Algorithm I, ✏ = 10�6

Algorithm II

JCP, 152, 2020, 194108

Generalization of Filippi, Assaraf algorithm (JCP, 144, 2016, 194105)



What about basis set (H2O)

For every cardinal number (DZ, TZ, QZ) the cost increases by about a factor of 8.



What about basis set (H2O)

For every cardinal number (DZ, TZ, QZ) the cost increases by about a factor of 8.

Time TZ-DZ QZ-TZ

0.5 -0.1008 -0.0967

1.0 -0.1011 -0.1000

1.5 -0.1017 -0.1025

2.0 -0.1006 -0.1023

The energies change almost in parallel

JCP, 149, 2018, 194301 (DFT based correction)



Lets do something a bit more challenging
Cu-Oxygen complexes in biology and synthetic chemistry are used for C-H bond activation.

Chem Rev, 104, 2004, 1013
Chem Rev, 104, 2004, 1047
Chem Rev, 117, 2017, 2059

Cu Cu
O

O
CuCu

O

O

$
<latexit sha1_base64="vz+Vp+7uAOoWGXG3uoQITGsJr5Q=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoJVgETyURQY9FLx4r2A9oQ9lsN+3SzW7YnSi19Jd48aCIV3+KN/+N2zYHbX0w8Hhvhpl5USq4Qd//dgpr6xubW8Xt0s7u3n7ZPThsGpVpyhpUCaXbETFMcMkayFGwdqoZSSLBWtHoZua3Hpg2XMl7HKcsTMhA8phTglbqueWuYDFqPhgi0Vo99tyKX/Xn8FZJkJMK5Kj33K9uX9EsYRKpIMZ0Aj/FcEI0cirYtNTNDEsJHZEB61gqScJMOJkfPvVOrdL3YqVtSfTm6u+JCUmMGSeR7UwIDs2yNxP/8zoZxlfhhMs0QybpYlGcCQ+VN0vB63PNKIqxJYRqbm/16JBoQtFmVbIhBMsvr5LmeTXwq8HdRaV2ncdRhGM4gTMI4BJqcAt1aACFDJ7hFd6cJ+fFeXc+Fq0FJ585gj9wPn8AalaTkQ==</latexit><latexit sha1_base64="vz+Vp+7uAOoWGXG3uoQITGsJr5Q=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoJVgETyURQY9FLx4r2A9oQ9lsN+3SzW7YnSi19Jd48aCIV3+KN/+N2zYHbX0w8Hhvhpl5USq4Qd//dgpr6xubW8Xt0s7u3n7ZPThsGpVpyhpUCaXbETFMcMkayFGwdqoZSSLBWtHoZua3Hpg2XMl7HKcsTMhA8phTglbqueWuYDFqPhgi0Vo99tyKX/Xn8FZJkJMK5Kj33K9uX9EsYRKpIMZ0Aj/FcEI0cirYtNTNDEsJHZEB61gqScJMOJkfPvVOrdL3YqVtSfTm6u+JCUmMGSeR7UwIDs2yNxP/8zoZxlfhhMs0QybpYlGcCQ+VN0vB63PNKIqxJYRqbm/16JBoQtFmVbIhBMsvr5LmeTXwq8HdRaV2ncdRhGM4gTMI4BJqcAt1aACFDJ7hFd6cJ+fFeXc+Fq0FJ585gj9wPn8AalaTkQ==</latexit><latexit sha1_base64="vz+Vp+7uAOoWGXG3uoQITGsJr5Q=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoJVgETyURQY9FLx4r2A9oQ9lsN+3SzW7YnSi19Jd48aCIV3+KN/+N2zYHbX0w8Hhvhpl5USq4Qd//dgpr6xubW8Xt0s7u3n7ZPThsGpVpyhpUCaXbETFMcMkayFGwdqoZSSLBWtHoZua3Hpg2XMl7HKcsTMhA8phTglbqueWuYDFqPhgi0Vo99tyKX/Xn8FZJkJMK5Kj33K9uX9EsYRKpIMZ0Aj/FcEI0cirYtNTNDEsJHZEB61gqScJMOJkfPvVOrdL3YqVtSfTm6u+JCUmMGSeR7UwIDs2yNxP/8zoZxlfhhMs0QybpYlGcCQ+VN0vB63PNKIqxJYRqbm/16JBoQtFmVbIhBMsvr5LmeTXwq8HdRaV2ncdRhGM4gTMI4BJqcAt1aACFDJ7hFd6cJ+fFeXc+Fq0FJ585gj9wPn8AalaTkQ==</latexit><latexit sha1_base64="vz+Vp+7uAOoWGXG3uoQITGsJr5Q=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoJVgETyURQY9FLx4r2A9oQ9lsN+3SzW7YnSi19Jd48aCIV3+KN/+N2zYHbX0w8Hhvhpl5USq4Qd//dgpr6xubW8Xt0s7u3n7ZPThsGpVpyhpUCaXbETFMcMkayFGwdqoZSSLBWtHoZua3Hpg2XMl7HKcsTMhA8phTglbqueWuYDFqPhgi0Vo99tyKX/Xn8FZJkJMK5Kj33K9uX9EsYRKpIMZ0Aj/FcEI0cirYtNTNDEsJHZEB61gqScJMOJkfPvVOrdL3YqVtSfTm6u+JCUmMGSeR7UwIDs2yNxP/8zoZxlfhhMs0QybpYlGcCQ+VN0vB63PNKIqxJYRqbm/16JBoQtFmVbIhBMsvr5LmeTXwq8HdRaV2ncdRhGM4gTMI4BJqcAt1aACFDJ7hFd6cJ+fFeXc+Fq0FJ585gj9wPn8AalaTkQ==</latexit>

bis(µ-oxo)
<latexit sha1_base64="08JccscWoH9sNqS+GMFiA6BKlCk=">AAAB9XicbVA9TwJBEJ3zE/ELtbTZCCZYSO5otCTaWGIiHwmcZG/Zgw27t5fdPZVc+B82Fhpj63+x89+4wBUKvmSSl/dmMjMviDnTxnW/nZXVtfWNzdxWfntnd2+/cHDY1DJRhDaI5FK1A6wpZxFtGGY4bceKYhFw2gpG11O/9UCVZjK6M+OY+gIPIhYygo2V7gOmy6WuSErn8kme9QpFt+LOgJaJl5EiZKj3Cl/dviSJoJEhHGvd8dzY+ClWhhFOJ/luommMyQgPaMfSCAuq/XR29QSdWqWPQqlsRQbN1N8TKRZaj0VgOwU2Q73oTcX/vE5iwks/ZVGcGBqR+aIw4chINI0A9ZmixPCxJZgoZm9FZIgVJsYGlbcheIsvL5NmteK5Fe+2WqxdZXHk4BhOoAweXEANbqAODSCg4Ble4c15dF6cd+dj3rriZDNH8AfO5w8lKJGc</latexit><latexit sha1_base64="08JccscWoH9sNqS+GMFiA6BKlCk=">AAAB9XicbVA9TwJBEJ3zE/ELtbTZCCZYSO5otCTaWGIiHwmcZG/Zgw27t5fdPZVc+B82Fhpj63+x89+4wBUKvmSSl/dmMjMviDnTxnW/nZXVtfWNzdxWfntnd2+/cHDY1DJRhDaI5FK1A6wpZxFtGGY4bceKYhFw2gpG11O/9UCVZjK6M+OY+gIPIhYygo2V7gOmy6WuSErn8kme9QpFt+LOgJaJl5EiZKj3Cl/dviSJoJEhHGvd8dzY+ClWhhFOJ/luommMyQgPaMfSCAuq/XR29QSdWqWPQqlsRQbN1N8TKRZaj0VgOwU2Q73oTcX/vE5iwks/ZVGcGBqR+aIw4chINI0A9ZmixPCxJZgoZm9FZIgVJsYGlbcheIsvL5NmteK5Fe+2WqxdZXHk4BhOoAweXEANbqAODSCg4Ble4c15dF6cd+dj3rriZDNH8AfO5w8lKJGc</latexit><latexit sha1_base64="08JccscWoH9sNqS+GMFiA6BKlCk=">AAAB9XicbVA9TwJBEJ3zE/ELtbTZCCZYSO5otCTaWGIiHwmcZG/Zgw27t5fdPZVc+B82Fhpj63+x89+4wBUKvmSSl/dmMjMviDnTxnW/nZXVtfWNzdxWfntnd2+/cHDY1DJRhDaI5FK1A6wpZxFtGGY4bceKYhFw2gpG11O/9UCVZjK6M+OY+gIPIhYygo2V7gOmy6WuSErn8kme9QpFt+LOgJaJl5EiZKj3Cl/dviSJoJEhHGvd8dzY+ClWhhFOJ/luommMyQgPaMfSCAuq/XR29QSdWqWPQqlsRQbN1N8TKRZaj0VgOwU2Q73oTcX/vE5iwks/ZVGcGBqR+aIw4chINI0A9ZmixPCxJZgoZm9FZIgVJsYGlbcheIsvL5NmteK5Fe+2WqxdZXHk4BhOoAweXEANbqAODSCg4Ble4c15dF6cd+dj3rriZDNH8AfO5w8lKJGc</latexit><latexit sha1_base64="08JccscWoH9sNqS+GMFiA6BKlCk=">AAAB9XicbVA9TwJBEJ3zE/ELtbTZCCZYSO5otCTaWGIiHwmcZG/Zgw27t5fdPZVc+B82Fhpj63+x89+4wBUKvmSSl/dmMjMviDnTxnW/nZXVtfWNzdxWfntnd2+/cHDY1DJRhDaI5FK1A6wpZxFtGGY4bceKYhFw2gpG11O/9UCVZjK6M+OY+gIPIhYygo2V7gOmy6WuSErn8kme9QpFt+LOgJaJl5EiZKj3Cl/dviSJoJEhHGvd8dzY+ClWhhFOJ/luommMyQgPaMfSCAuq/XR29QSdWqWPQqlsRQbN1N8TKRZaj0VgOwU2Q73oTcX/vE5iwks/ZVGcGBqR+aIw4chINI0A9ZmixPCxJZgoZm9FZIgVJsYGlbcheIsvL5NmteK5Fe+2WqxdZXHk4BhOoAweXEANbqAODSCg4Ble4c15dF6cd+dj3rriZDNH8AfO5w8lKJGc</latexit>

µ� ⌘2 : ⌘2-peroxo
<latexit sha1_base64="eB8BCGeu/tZPuekb7Iv5yJ6V5Nw=">AAACA3icbVC7TsMwFHV4lvIKsMES0SKxtEq6gJgqWBiLRB9SGyrHvWmt2nFkO4gqqsTCr7AwgBArP8HG3+C2GaDlSFf36Jx7Zd8TxIwq7brf1tLyyuraem4jv7m1vbNr7+03lEgkgToRTMhWgBUwGkFdU82gFUvAPGDQDIZXE795D1JREd3qUQw+x/2IhpRgbaSufVjs8KTUAY3vKhezVizFIMWD6NoFt+xO4SwSLyMFlKHWtb86PUESDpEmDCvV9txY+ymWmhIG43wnURBjMsR9aBsaYQ7KT6c3jJ0To/ScUEhTkXam6u+NFHOlRjwwkxzrgZr3JuJ/XjvR4bmf0ihONERk9lCYMEcLZxKI06MSiGYjQzCR1PzVIQMsMdEmtrwJwZs/eZE0KmXPLXs3lUL1Mosjh47QMTpFHjpDVXSNaqiOCHpEz+gVvVlP1ov1bn3MRpesbOcA/YH1+QNbb5aw</latexit><latexit sha1_base64="eB8BCGeu/tZPuekb7Iv5yJ6V5Nw=">AAACA3icbVC7TsMwFHV4lvIKsMES0SKxtEq6gJgqWBiLRB9SGyrHvWmt2nFkO4gqqsTCr7AwgBArP8HG3+C2GaDlSFf36Jx7Zd8TxIwq7brf1tLyyuraem4jv7m1vbNr7+03lEgkgToRTMhWgBUwGkFdU82gFUvAPGDQDIZXE795D1JREd3qUQw+x/2IhpRgbaSufVjs8KTUAY3vKhezVizFIMWD6NoFt+xO4SwSLyMFlKHWtb86PUESDpEmDCvV9txY+ymWmhIG43wnURBjMsR9aBsaYQ7KT6c3jJ0To/ScUEhTkXam6u+NFHOlRjwwkxzrgZr3JuJ/XjvR4bmf0ihONERk9lCYMEcLZxKI06MSiGYjQzCR1PzVIQMsMdEmtrwJwZs/eZE0KmXPLXs3lUL1Mosjh47QMTpFHjpDVXSNaqiOCHpEz+gVvVlP1ov1bn3MRpesbOcA/YH1+QNbb5aw</latexit><latexit sha1_base64="eB8BCGeu/tZPuekb7Iv5yJ6V5Nw=">AAACA3icbVC7TsMwFHV4lvIKsMES0SKxtEq6gJgqWBiLRB9SGyrHvWmt2nFkO4gqqsTCr7AwgBArP8HG3+C2GaDlSFf36Jx7Zd8TxIwq7brf1tLyyuraem4jv7m1vbNr7+03lEgkgToRTMhWgBUwGkFdU82gFUvAPGDQDIZXE795D1JREd3qUQw+x/2IhpRgbaSufVjs8KTUAY3vKhezVizFIMWD6NoFt+xO4SwSLyMFlKHWtb86PUESDpEmDCvV9txY+ymWmhIG43wnURBjMsR9aBsaYQ7KT6c3jJ0To/ScUEhTkXam6u+NFHOlRjwwkxzrgZr3JuJ/XjvR4bmf0ihONERk9lCYMEcLZxKI06MSiGYjQzCR1PzVIQMsMdEmtrwJwZs/eZE0KmXPLXs3lUL1Mosjh47QMTpFHjpDVXSNaqiOCHpEz+gVvVlP1ov1bn3MRpesbOcA/YH1+QNbb5aw</latexit><latexit sha1_base64="eB8BCGeu/tZPuekb7Iv5yJ6V5Nw=">AAACA3icbVC7TsMwFHV4lvIKsMES0SKxtEq6gJgqWBiLRB9SGyrHvWmt2nFkO4gqqsTCr7AwgBArP8HG3+C2GaDlSFf36Jx7Zd8TxIwq7brf1tLyyuraem4jv7m1vbNr7+03lEgkgToRTMhWgBUwGkFdU82gFUvAPGDQDIZXE795D1JREd3qUQw+x/2IhpRgbaSufVjs8KTUAY3vKhezVizFIMWD6NoFt+xO4SwSLyMFlKHWtb86PUESDpEmDCvV9txY+ymWmhIG43wnURBjMsR9aBsaYQ7KT6c3jJ0To/ScUEhTkXam6u+NFHOlRjwwkxzrgZr3JuJ/XjvR4bmf0ihONERk9lCYMEcLZxKI06MSiGYjQzCR1PzVIQMsMdEmtrwJwZs/eZE0KmXPLXs3lUL1Mosjh47QMTpFHjpDVXSNaqiOCHpEz+gVvVlP1ov1bn3MRpesbOcA/YH1+QNbb5aw</latexit>

(32e, 108o)  
Hilbert space -1040

18 hours on 4 nodes



Lets do something a bit more challenging
Cu-Oxygen complexes in biology and synthetic chemistry are used for C-H bond activation.

Chem Rev, 104, 2004, 1013
Chem Rev, 104, 2004, 1047
Chem Rev, 117, 2017, 2059
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<latexit sha1_base64="vz+Vp+7uAOoWGXG3uoQITGsJr5Q=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoJVgETyURQY9FLx4r2A9oQ9lsN+3SzW7YnSi19Jd48aCIV3+KN/+N2zYHbX0w8Hhvhpl5USq4Qd//dgpr6xubW8Xt0s7u3n7ZPThsGpVpyhpUCaXbETFMcMkayFGwdqoZSSLBWtHoZua3Hpg2XMl7HKcsTMhA8phTglbqueWuYDFqPhgi0Vo99tyKX/Xn8FZJkJMK5Kj33K9uX9EsYRKpIMZ0Aj/FcEI0cirYtNTNDEsJHZEB61gqScJMOJkfPvVOrdL3YqVtSfTm6u+JCUmMGSeR7UwIDs2yNxP/8zoZxlfhhMs0QybpYlGcCQ+VN0vB63PNKIqxJYRqbm/16JBoQtFmVbIhBMsvr5LmeTXwq8HdRaV2ncdRhGM4gTMI4BJqcAt1aACFDJ7hFd6cJ+fFeXc+Fq0FJ585gj9wPn8AalaTkQ==</latexit><latexit sha1_base64="vz+Vp+7uAOoWGXG3uoQITGsJr5Q=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoJVgETyURQY9FLx4r2A9oQ9lsN+3SzW7YnSi19Jd48aCIV3+KN/+N2zYHbX0w8Hhvhpl5USq4Qd//dgpr6xubW8Xt0s7u3n7ZPThsGpVpyhpUCaXbETFMcMkayFGwdqoZSSLBWtHoZua3Hpg2XMl7HKcsTMhA8phTglbqueWuYDFqPhgi0Vo99tyKX/Xn8FZJkJMK5Kj33K9uX9EsYRKpIMZ0Aj/FcEI0cirYtNTNDEsJHZEB61gqScJMOJkfPvVOrdL3YqVtSfTm6u+JCUmMGSeR7UwIDs2yNxP/8zoZxlfhhMs0QybpYlGcCQ+VN0vB63PNKIqxJYRqbm/16JBoQtFmVbIhBMsvr5LmeTXwq8HdRaV2ncdRhGM4gTMI4BJqcAt1aACFDJ7hFd6cJ+fFeXc+Fq0FJ585gj9wPn8AalaTkQ==</latexit><latexit sha1_base64="vz+Vp+7uAOoWGXG3uoQITGsJr5Q=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoJVgETyURQY9FLx4r2A9oQ9lsN+3SzW7YnSi19Jd48aCIV3+KN/+N2zYHbX0w8Hhvhpl5USq4Qd//dgpr6xubW8Xt0s7u3n7ZPThsGpVpyhpUCaXbETFMcMkayFGwdqoZSSLBWtHoZua3Hpg2XMl7HKcsTMhA8phTglbqueWuYDFqPhgi0Vo99tyKX/Xn8FZJkJMK5Kj33K9uX9EsYRKpIMZ0Aj/FcEI0cirYtNTNDEsJHZEB61gqScJMOJkfPvVOrdL3YqVtSfTm6u+JCUmMGSeR7UwIDs2yNxP/8zoZxlfhhMs0QybpYlGcCQ+VN0vB63PNKIqxJYRqbm/16JBoQtFmVbIhBMsvr5LmeTXwq8HdRaV2ncdRhGM4gTMI4BJqcAt1aACFDJ7hFd6cJ+fFeXc+Fq0FJ585gj9wPn8AalaTkQ==</latexit><latexit sha1_base64="vz+Vp+7uAOoWGXG3uoQITGsJr5Q=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoJVgETyURQY9FLx4r2A9oQ9lsN+3SzW7YnSi19Jd48aCIV3+KN/+N2zYHbX0w8Hhvhpl5USq4Qd//dgpr6xubW8Xt0s7u3n7ZPThsGpVpyhpUCaXbETFMcMkayFGwdqoZSSLBWtHoZua3Hpg2XMl7HKcsTMhA8phTglbqueWuYDFqPhgi0Vo99tyKX/Xn8FZJkJMK5Kj33K9uX9EsYRKpIMZ0Aj/FcEI0cirYtNTNDEsJHZEB61gqScJMOJkfPvVOrdL3YqVtSfTm6u+JCUmMGSeR7UwIDs2yNxP/8zoZxlfhhMs0QybpYlGcCQ+VN0vB63PNKIqxJYRqbm/16JBoQtFmVbIhBMsvr5LmeTXwq8HdRaV2ncdRhGM4gTMI4BJqcAt1aACFDJ7hFd6cJ+fFeXc+Fq0FJ585gj9wPn8AalaTkQ==</latexit>

bis(µ-oxo)
<latexit sha1_base64="08JccscWoH9sNqS+GMFiA6BKlCk=">AAAB9XicbVA9TwJBEJ3zE/ELtbTZCCZYSO5otCTaWGIiHwmcZG/Zgw27t5fdPZVc+B82Fhpj63+x89+4wBUKvmSSl/dmMjMviDnTxnW/nZXVtfWNzdxWfntnd2+/cHDY1DJRhDaI5FK1A6wpZxFtGGY4bceKYhFw2gpG11O/9UCVZjK6M+OY+gIPIhYygo2V7gOmy6WuSErn8kme9QpFt+LOgJaJl5EiZKj3Cl/dviSJoJEhHGvd8dzY+ClWhhFOJ/luommMyQgPaMfSCAuq/XR29QSdWqWPQqlsRQbN1N8TKRZaj0VgOwU2Q73oTcX/vE5iwks/ZVGcGBqR+aIw4chINI0A9ZmixPCxJZgoZm9FZIgVJsYGlbcheIsvL5NmteK5Fe+2WqxdZXHk4BhOoAweXEANbqAODSCg4Ble4c15dF6cd+dj3rriZDNH8AfO5w8lKJGc</latexit><latexit sha1_base64="08JccscWoH9sNqS+GMFiA6BKlCk=">AAAB9XicbVA9TwJBEJ3zE/ELtbTZCCZYSO5otCTaWGIiHwmcZG/Zgw27t5fdPZVc+B82Fhpj63+x89+4wBUKvmSSl/dmMjMviDnTxnW/nZXVtfWNzdxWfntnd2+/cHDY1DJRhDaI5FK1A6wpZxFtGGY4bceKYhFw2gpG11O/9UCVZjK6M+OY+gIPIhYygo2V7gOmy6WuSErn8kme9QpFt+LOgJaJl5EiZKj3Cl/dviSJoJEhHGvd8dzY+ClWhhFOJ/luommMyQgPaMfSCAuq/XR29QSdWqWPQqlsRQbN1N8TKRZaj0VgOwU2Q73oTcX/vE5iwks/ZVGcGBqR+aIw4chINI0A9ZmixPCxJZgoZm9FZIgVJsYGlbcheIsvL5NmteK5Fe+2WqxdZXHk4BhOoAweXEANbqAODSCg4Ble4c15dF6cd+dj3rriZDNH8AfO5w8lKJGc</latexit><latexit sha1_base64="08JccscWoH9sNqS+GMFiA6BKlCk=">AAAB9XicbVA9TwJBEJ3zE/ELtbTZCCZYSO5otCTaWGIiHwmcZG/Zgw27t5fdPZVc+B82Fhpj63+x89+4wBUKvmSSl/dmMjMviDnTxnW/nZXVtfWNzdxWfntnd2+/cHDY1DJRhDaI5FK1A6wpZxFtGGY4bceKYhFw2gpG11O/9UCVZjK6M+OY+gIPIhYygo2V7gOmy6WuSErn8kme9QpFt+LOgJaJl5EiZKj3Cl/dviSJoJEhHGvd8dzY+ClWhhFOJ/luommMyQgPaMfSCAuq/XR29QSdWqWPQqlsRQbN1N8TKRZaj0VgOwU2Q73oTcX/vE5iwks/ZVGcGBqR+aIw4chINI0A9ZmixPCxJZgoZm9FZIgVJsYGlbcheIsvL5NmteK5Fe+2WqxdZXHk4BhOoAweXEANbqAODSCg4Ble4c15dF6cd+dj3rriZDNH8AfO5w8lKJGc</latexit><latexit sha1_base64="08JccscWoH9sNqS+GMFiA6BKlCk=">AAAB9XicbVA9TwJBEJ3zE/ELtbTZCCZYSO5otCTaWGIiHwmcZG/Zgw27t5fdPZVc+B82Fhpj63+x89+4wBUKvmSSl/dmMjMviDnTxnW/nZXVtfWNzdxWfntnd2+/cHDY1DJRhDaI5FK1A6wpZxFtGGY4bceKYhFw2gpG11O/9UCVZjK6M+OY+gIPIhYygo2V7gOmy6WuSErn8kme9QpFt+LOgJaJl5EiZKj3Cl/dviSJoJEhHGvd8dzY+ClWhhFOJ/luommMyQgPaMfSCAuq/XR29QSdWqWPQqlsRQbN1N8TKRZaj0VgOwU2Q73oTcX/vE5iwks/ZVGcGBqR+aIw4chINI0A9ZmixPCxJZgoZm9FZIgVJsYGlbcheIsvL5NmteK5Fe+2WqxdZXHk4BhOoAweXEANbqAODSCg4Ble4c15dF6cd+dj3rriZDNH8AfO5w8lKJGc</latexit>

µ� ⌘2 : ⌘2-peroxo
<latexit sha1_base64="eB8BCGeu/tZPuekb7Iv5yJ6V5Nw=">AAACA3icbVC7TsMwFHV4lvIKsMES0SKxtEq6gJgqWBiLRB9SGyrHvWmt2nFkO4gqqsTCr7AwgBArP8HG3+C2GaDlSFf36Jx7Zd8TxIwq7brf1tLyyuraem4jv7m1vbNr7+03lEgkgToRTMhWgBUwGkFdU82gFUvAPGDQDIZXE795D1JREd3qUQw+x/2IhpRgbaSufVjs8KTUAY3vKhezVizFIMWD6NoFt+xO4SwSLyMFlKHWtb86PUESDpEmDCvV9txY+ymWmhIG43wnURBjMsR9aBsaYQ7KT6c3jJ0To/ScUEhTkXam6u+NFHOlRjwwkxzrgZr3JuJ/XjvR4bmf0ihONERk9lCYMEcLZxKI06MSiGYjQzCR1PzVIQMsMdEmtrwJwZs/eZE0KmXPLXs3lUL1Mosjh47QMTpFHjpDVXSNaqiOCHpEz+gVvVlP1ov1bn3MRpesbOcA/YH1+QNbb5aw</latexit><latexit sha1_base64="eB8BCGeu/tZPuekb7Iv5yJ6V5Nw=">AAACA3icbVC7TsMwFHV4lvIKsMES0SKxtEq6gJgqWBiLRB9SGyrHvWmt2nFkO4gqqsTCr7AwgBArP8HG3+C2GaDlSFf36Jx7Zd8TxIwq7brf1tLyyuraem4jv7m1vbNr7+03lEgkgToRTMhWgBUwGkFdU82gFUvAPGDQDIZXE795D1JREd3qUQw+x/2IhpRgbaSufVjs8KTUAY3vKhezVizFIMWD6NoFt+xO4SwSLyMFlKHWtb86PUESDpEmDCvV9txY+ymWmhIG43wnURBjMsR9aBsaYQ7KT6c3jJ0To/ScUEhTkXam6u+NFHOlRjwwkxzrgZr3JuJ/XjvR4bmf0ihONERk9lCYMEcLZxKI06MSiGYjQzCR1PzVIQMsMdEmtrwJwZs/eZE0KmXPLXs3lUL1Mosjh47QMTpFHjpDVXSNaqiOCHpEz+gVvVlP1ov1bn3MRpesbOcA/YH1+QNbb5aw</latexit><latexit sha1_base64="eB8BCGeu/tZPuekb7Iv5yJ6V5Nw=">AAACA3icbVC7TsMwFHV4lvIKsMES0SKxtEq6gJgqWBiLRB9SGyrHvWmt2nFkO4gqqsTCr7AwgBArP8HG3+C2GaDlSFf36Jx7Zd8TxIwq7brf1tLyyuraem4jv7m1vbNr7+03lEgkgToRTMhWgBUwGkFdU82gFUvAPGDQDIZXE795D1JREd3qUQw+x/2IhpRgbaSufVjs8KTUAY3vKhezVizFIMWD6NoFt+xO4SwSLyMFlKHWtb86PUESDpEmDCvV9txY+ymWmhIG43wnURBjMsR9aBsaYQ7KT6c3jJ0To/ScUEhTkXam6u+NFHOlRjwwkxzrgZr3JuJ/XjvR4bmf0ihONERk9lCYMEcLZxKI06MSiGYjQzCR1PzVIQMsMdEmtrwJwZs/eZE0KmXPLXs3lUL1Mosjh47QMTpFHjpDVXSNaqiOCHpEz+gVvVlP1ov1bn3MRpesbOcA/YH1+QNbb5aw</latexit><latexit sha1_base64="eB8BCGeu/tZPuekb7Iv5yJ6V5Nw=">AAACA3icbVC7TsMwFHV4lvIKsMES0SKxtEq6gJgqWBiLRB9SGyrHvWmt2nFkO4gqqsTCr7AwgBArP8HG3+C2GaDlSFf36Jx7Zd8TxIwq7brf1tLyyuraem4jv7m1vbNr7+03lEgkgToRTMhWgBUwGkFdU82gFUvAPGDQDIZXE795D1JREd3qUQw+x/2IhpRgbaSufVjs8KTUAY3vKhezVizFIMWD6NoFt+xO4SwSLyMFlKHWtb86PUESDpEmDCvV9txY+ymWmhIG43wnURBjMsR9aBsaYQ7KT6c3jJ0To/ScUEhTkXam6u+NFHOlRjwwkxzrgZr3JuJ/XjvR4bmf0ihONERk9lCYMEcLZxKI06MSiGYjQzCR1PzVIQMsMdEmtrwJwZs/eZE0KmXPLXs3lUL1Mosjh47QMTpFHjpDVXSNaqiOCHpEz+gVvVlP1ov1bn3MRpesbOcA/YH1+QNbb5aw</latexit>

Method Kcal/mole

MP2 29

CCSD 41

CCSD(T) 30

CASPT2 (16,14) 1

B3LYP 52

fp-AFQMC 25 (1)

(32e, 108o)  
Hilbert space -1040

18 hours on 4 nodes



Lets do something a bit more challenging
Cu-Oxygen complexes in biology and synthetic chemistry are used for C-H bond activation.

Chem Rev, 104, 2004, 1013
Chem Rev, 104, 2004, 1047
Chem Rev, 117, 2017, 2059
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<latexit sha1_base64="vz+Vp+7uAOoWGXG3uoQITGsJr5Q=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoJVgETyURQY9FLx4r2A9oQ9lsN+3SzW7YnSi19Jd48aCIV3+KN/+N2zYHbX0w8Hhvhpl5USq4Qd//dgpr6xubW8Xt0s7u3n7ZPThsGpVpyhpUCaXbETFMcMkayFGwdqoZSSLBWtHoZua3Hpg2XMl7HKcsTMhA8phTglbqueWuYDFqPhgi0Vo99tyKX/Xn8FZJkJMK5Kj33K9uX9EsYRKpIMZ0Aj/FcEI0cirYtNTNDEsJHZEB61gqScJMOJkfPvVOrdL3YqVtSfTm6u+JCUmMGSeR7UwIDs2yNxP/8zoZxlfhhMs0QybpYlGcCQ+VN0vB63PNKIqxJYRqbm/16JBoQtFmVbIhBMsvr5LmeTXwq8HdRaV2ncdRhGM4gTMI4BJqcAt1aACFDJ7hFd6cJ+fFeXc+Fq0FJ585gj9wPn8AalaTkQ==</latexit><latexit sha1_base64="vz+Vp+7uAOoWGXG3uoQITGsJr5Q=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoJVgETyURQY9FLx4r2A9oQ9lsN+3SzW7YnSi19Jd48aCIV3+KN/+N2zYHbX0w8Hhvhpl5USq4Qd//dgpr6xubW8Xt0s7u3n7ZPThsGpVpyhpUCaXbETFMcMkayFGwdqoZSSLBWtHoZua3Hpg2XMl7HKcsTMhA8phTglbqueWuYDFqPhgi0Vo99tyKX/Xn8FZJkJMK5Kj33K9uX9EsYRKpIMZ0Aj/FcEI0cirYtNTNDEsJHZEB61gqScJMOJkfPvVOrdL3YqVtSfTm6u+JCUmMGSeR7UwIDs2yNxP/8zoZxlfhhMs0QybpYlGcCQ+VN0vB63PNKIqxJYRqbm/16JBoQtFmVbIhBMsvr5LmeTXwq8HdRaV2ncdRhGM4gTMI4BJqcAt1aACFDJ7hFd6cJ+fFeXc+Fq0FJ585gj9wPn8AalaTkQ==</latexit><latexit sha1_base64="vz+Vp+7uAOoWGXG3uoQITGsJr5Q=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoJVgETyURQY9FLx4r2A9oQ9lsN+3SzW7YnSi19Jd48aCIV3+KN/+N2zYHbX0w8Hhvhpl5USq4Qd//dgpr6xubW8Xt0s7u3n7ZPThsGpVpyhpUCaXbETFMcMkayFGwdqoZSSLBWtHoZua3Hpg2XMl7HKcsTMhA8phTglbqueWuYDFqPhgi0Vo99tyKX/Xn8FZJkJMK5Kj33K9uX9EsYRKpIMZ0Aj/FcEI0cirYtNTNDEsJHZEB61gqScJMOJkfPvVOrdL3YqVtSfTm6u+JCUmMGSeR7UwIDs2yNxP/8zoZxlfhhMs0QybpYlGcCQ+VN0vB63PNKIqxJYRqbm/16JBoQtFmVbIhBMsvr5LmeTXwq8HdRaV2ncdRhGM4gTMI4BJqcAt1aACFDJ7hFd6cJ+fFeXc+Fq0FJ585gj9wPn8AalaTkQ==</latexit><latexit sha1_base64="vz+Vp+7uAOoWGXG3uoQITGsJr5Q=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoJVgETyURQY9FLx4r2A9oQ9lsN+3SzW7YnSi19Jd48aCIV3+KN/+N2zYHbX0w8Hhvhpl5USq4Qd//dgpr6xubW8Xt0s7u3n7ZPThsGpVpyhpUCaXbETFMcMkayFGwdqoZSSLBWtHoZua3Hpg2XMl7HKcsTMhA8phTglbqueWuYDFqPhgi0Vo99tyKX/Xn8FZJkJMK5Kj33K9uX9EsYRKpIMZ0Aj/FcEI0cirYtNTNDEsJHZEB61gqScJMOJkfPvVOrdL3YqVtSfTm6u+JCUmMGSeR7UwIDs2yNxP/8zoZxlfhhMs0QybpYlGcCQ+VN0vB63PNKIqxJYRqbm/16JBoQtFmVbIhBMsvr5LmeTXwq8HdRaV2ncdRhGM4gTMI4BJqcAt1aACFDJ7hFd6cJ+fFeXc+Fq0FJ585gj9wPn8AalaTkQ==</latexit>

bis(µ-oxo)
<latexit sha1_base64="08JccscWoH9sNqS+GMFiA6BKlCk=">AAAB9XicbVA9TwJBEJ3zE/ELtbTZCCZYSO5otCTaWGIiHwmcZG/Zgw27t5fdPZVc+B82Fhpj63+x89+4wBUKvmSSl/dmMjMviDnTxnW/nZXVtfWNzdxWfntnd2+/cHDY1DJRhDaI5FK1A6wpZxFtGGY4bceKYhFw2gpG11O/9UCVZjK6M+OY+gIPIhYygo2V7gOmy6WuSErn8kme9QpFt+LOgJaJl5EiZKj3Cl/dviSJoJEhHGvd8dzY+ClWhhFOJ/luommMyQgPaMfSCAuq/XR29QSdWqWPQqlsRQbN1N8TKRZaj0VgOwU2Q73oTcX/vE5iwks/ZVGcGBqR+aIw4chINI0A9ZmixPCxJZgoZm9FZIgVJsYGlbcheIsvL5NmteK5Fe+2WqxdZXHk4BhOoAweXEANbqAODSCg4Ble4c15dF6cd+dj3rriZDNH8AfO5w8lKJGc</latexit><latexit sha1_base64="08JccscWoH9sNqS+GMFiA6BKlCk=">AAAB9XicbVA9TwJBEJ3zE/ELtbTZCCZYSO5otCTaWGIiHwmcZG/Zgw27t5fdPZVc+B82Fhpj63+x89+4wBUKvmSSl/dmMjMviDnTxnW/nZXVtfWNzdxWfntnd2+/cHDY1DJRhDaI5FK1A6wpZxFtGGY4bceKYhFw2gpG11O/9UCVZjK6M+OY+gIPIhYygo2V7gOmy6WuSErn8kme9QpFt+LOgJaJl5EiZKj3Cl/dviSJoJEhHGvd8dzY+ClWhhFOJ/luommMyQgPaMfSCAuq/XR29QSdWqWPQqlsRQbN1N8TKRZaj0VgOwU2Q73oTcX/vE5iwks/ZVGcGBqR+aIw4chINI0A9ZmixPCxJZgoZm9FZIgVJsYGlbcheIsvL5NmteK5Fe+2WqxdZXHk4BhOoAweXEANbqAODSCg4Ble4c15dF6cd+dj3rriZDNH8AfO5w8lKJGc</latexit><latexit sha1_base64="08JccscWoH9sNqS+GMFiA6BKlCk=">AAAB9XicbVA9TwJBEJ3zE/ELtbTZCCZYSO5otCTaWGIiHwmcZG/Zgw27t5fdPZVc+B82Fhpj63+x89+4wBUKvmSSl/dmMjMviDnTxnW/nZXVtfWNzdxWfntnd2+/cHDY1DJRhDaI5FK1A6wpZxFtGGY4bceKYhFw2gpG11O/9UCVZjK6M+OY+gIPIhYygo2V7gOmy6WuSErn8kme9QpFt+LOgJaJl5EiZKj3Cl/dviSJoJEhHGvd8dzY+ClWhhFOJ/luommMyQgPaMfSCAuq/XR29QSdWqWPQqlsRQbN1N8TKRZaj0VgOwU2Q73oTcX/vE5iwks/ZVGcGBqR+aIw4chINI0A9ZmixPCxJZgoZm9FZIgVJsYGlbcheIsvL5NmteK5Fe+2WqxdZXHk4BhOoAweXEANbqAODSCg4Ble4c15dF6cd+dj3rriZDNH8AfO5w8lKJGc</latexit><latexit sha1_base64="08JccscWoH9sNqS+GMFiA6BKlCk=">AAAB9XicbVA9TwJBEJ3zE/ELtbTZCCZYSO5otCTaWGIiHwmcZG/Zgw27t5fdPZVc+B82Fhpj63+x89+4wBUKvmSSl/dmMjMviDnTxnW/nZXVtfWNzdxWfntnd2+/cHDY1DJRhDaI5FK1A6wpZxFtGGY4bceKYhFw2gpG11O/9UCVZjK6M+OY+gIPIhYygo2V7gOmy6WuSErn8kme9QpFt+LOgJaJl5EiZKj3Cl/dviSJoJEhHGvd8dzY+ClWhhFOJ/luommMyQgPaMfSCAuq/XR29QSdWqWPQqlsRQbN1N8TKRZaj0VgOwU2Q73oTcX/vE5iwks/ZVGcGBqR+aIw4chINI0A9ZmixPCxJZgoZm9FZIgVJsYGlbcheIsvL5NmteK5Fe+2WqxdZXHk4BhOoAweXEANbqAODSCg4Ble4c15dF6cd+dj3rriZDNH8AfO5w8lKJGc</latexit>
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Method Kcal/mole

MP2 29

CCSD 41

CCSD(T) 30

CASPT2 (16,14) 1

B3LYP 52

fp-AFQMC 25 (1)

(52e, 108o)  
Hilbert space -1050

x7

(32e, 108o)  
Hilbert space -1040

18 hours on 4 nodes



Cholesky decomposition/density fitting

H = K + V
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Motta, Zhang https://arxiv.org/abs/1711.02242

https://arxiv.org/abs/1711.02242
https://arxiv.org/abs/1711.02242


Hubbard Stratonovich 
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Multireference methods
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Sr2CuO3

Fe-porphyrin

MoFe7S9

Low-energy phenomena

• Low energy effective Hamiltonian lives in the active space
• Correlation in active space: strong correlation, static correlation
• Other electrons and orbitals play a role in screening: weak correlation, dynamical correlation

En
er

gy

Core

Virtual

Active

Nomenclature and background

Molecular orbitals



Active space FCI

Cyrus Umrigar Adam Holmes

James Smith Xubo Wang
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Useful Observation

Variational energy

Final error     -  6 kcal/mole
Converges slowly

Hilbert space > 1014 determinants

Fe-porphyrin

Active space -  (32e, 29o)

exponential drop

polynomial decay 

16700
determinants



Variational energy

Treat
varationally

Treat
perturbatively

Hilbert space > 1014 determinants

Fe-porphyrin

Active space -  (32e, 29o)

Basic Idea



Basic procedure

H| 0i = E0| 0i Solve with a small set of  “important” 
determinants upto ✏1
How to quickly select determinants

Huron, Daudey, Malrieu JCP 75, 75, (1983)
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Pruned breadth first search

Basic procedure

H| 0i = E0| 0i Solve with a small set of  “important” 
determinants upto ✏1
How to quickly select determinants

hDi|V | 0i
Ei � E0

=

P
j cjHij

Ei � E0
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Huron, Daudey, Malrieu JCP 75, 75, (1983)

max |cjHij |
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Holmes, Tubman, Umrigar JCTC 12, 3674, (2016)



Trick 1 (trivial to screen arrays that are in 
descending order)

|Dii
<latexit sha1_base64="e57vCv4bzcdU60Om04Ye5PUsnro=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GNRDx4r2FpIQ9lsN+3SzSbsToQS+zO8eFDEq7/Gm//GbZuDtj4YeLw3w8y8MJXCoOt+O6WV1bX1jfJmZWt7Z3evun/QNkmmGW+xRCa6E1LDpVC8hQIl76Sa0ziU/CEcXU/9h0eujUjUPY5THsR0oEQkGEUr+U83PdHVVA0k71Vrbt2dgSwTryA1KNDsVb+6/YRlMVfIJDXG99wUg5xqFEzySaWbGZ5SNqID7luqaMxNkM9OnpATq/RJlGhbCslM/T2R09iYcRzazpji0Cx6U/E/z88wugxyodIMuWLzRVEmCSZk+j/pC80ZyrEllGlhbyVsSDVlaFOq2BC8xZeXSfus7rl17+681rgq4ijDERzDKXhwAQ24hSa0gEECz/AKbw46L8678zFvLTnFzCH8gfP5A1SEkUU=</latexit><latexit sha1_base64="e57vCv4bzcdU60Om04Ye5PUsnro=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GNRDx4r2FpIQ9lsN+3SzSbsToQS+zO8eFDEq7/Gm//GbZuDtj4YeLw3w8y8MJXCoOt+O6WV1bX1jfJmZWt7Z3evun/QNkmmGW+xRCa6E1LDpVC8hQIl76Sa0ziU/CEcXU/9h0eujUjUPY5THsR0oEQkGEUr+U83PdHVVA0k71Vrbt2dgSwTryA1KNDsVb+6/YRlMVfIJDXG99wUg5xqFEzySaWbGZ5SNqID7luqaMxNkM9OnpATq/RJlGhbCslM/T2R09iYcRzazpji0Cx6U/E/z88wugxyodIMuWLzRVEmCSZk+j/pC80ZyrEllGlhbyVsSDVlaFOq2BC8xZeXSfus7rl17+681rgq4ijDERzDKXhwAQ24hSa0gEECz/AKbw46L8678zFvLTnFzCH8gfP5A1SEkUU=</latexit><latexit sha1_base64="e57vCv4bzcdU60Om04Ye5PUsnro=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GNRDx4r2FpIQ9lsN+3SzSbsToQS+zO8eFDEq7/Gm//GbZuDtj4YeLw3w8y8MJXCoOt+O6WV1bX1jfJmZWt7Z3evun/QNkmmGW+xRCa6E1LDpVC8hQIl76Sa0ziU/CEcXU/9h0eujUjUPY5THsR0oEQkGEUr+U83PdHVVA0k71Vrbt2dgSwTryA1KNDsVb+6/YRlMVfIJDXG99wUg5xqFEzySaWbGZ5SNqID7luqaMxNkM9OnpATq/RJlGhbCslM/T2R09iYcRzazpji0Cx6U/E/z88wugxyodIMuWLzRVEmCSZk+j/pC80ZyrEllGlhbyVsSDVlaFOq2BC8xZeXSfus7rl17+681rgq4ijDERzDKXhwAQ24hSa0gEECz/AKbw46L8678zFvLTnFzCH8gfP5A1SEkUU=</latexit><latexit sha1_base64="e57vCv4bzcdU60Om04Ye5PUsnro=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GNRDx4r2FpIQ9lsN+3SzSbsToQS+zO8eFDEq7/Gm//GbZuDtj4YeLw3w8y8MJXCoOt+O6WV1bX1jfJmZWt7Z3evun/QNkmmGW+xRCa6E1LDpVC8hQIl76Sa0ziU/CEcXU/9h0eujUjUPY5THsR0oEQkGEUr+U83PdHVVA0k71Vrbt2dgSwTryA1KNDsVb+6/YRlMVfIJDXG99wUg5xqFEzySaWbGZ5SNqID7luqaMxNkM9OnpATq/RJlGhbCslM/T2R09iYcRzazpji0Cx6U/E/z88wugxyodIMuWLzRVEmCSZk+j/pC80ZyrEllGlhbyVsSDVlaFOq2BC8xZeXSfus7rl17+681rgq4ijDERzDKXhwAQ24hSa0gEECz/AKbw46L8678zFvLTnFzCH8gfP5A1SEkUU=</latexit>

|Dji
<latexit sha1_base64="r12z7h4K7SpVk0gQ7urqbop99D0=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GNRDx4r2A9IQ9lsJ+3azSbsboRS+zO8eFDEq7/Gm//GbZuDtj4YeLw3w8y8MBVcG9f9dgorq2vrG8XN0tb2zu5eef+gqZNMMWywRCSqHVKNgktsGG4EtlOFNA4FtsLh9dRvPaLSPJH3ZpRiENO+5BFn1FjJf7rpPnQUlX2B3XLFrbozkGXi5aQCOerd8lenl7AsRmmYoFr7npuaYEyV4UzgpNTJNKaUDWkffUsljVEH49nJE3JilR6JEmVLGjJTf0+Maaz1KA5tZ0zNQC96U/E/z89MdBmMuUwzg5LNF0WZICYh0/9JjytkRowsoUxxeythA6ooMzalkg3BW3x5mTTPqp5b9e7OK7WrPI4iHMExnIIHF1CDW6hDAxgk8Ayv8OYY58V5dz7mrQUnnzmEP3A+fwBWD5FG</latexit><latexit sha1_base64="r12z7h4K7SpVk0gQ7urqbop99D0=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GNRDx4r2A9IQ9lsJ+3azSbsboRS+zO8eFDEq7/Gm//GbZuDtj4YeLw3w8y8MBVcG9f9dgorq2vrG8XN0tb2zu5eef+gqZNMMWywRCSqHVKNgktsGG4EtlOFNA4FtsLh9dRvPaLSPJH3ZpRiENO+5BFn1FjJf7rpPnQUlX2B3XLFrbozkGXi5aQCOerd8lenl7AsRmmYoFr7npuaYEyV4UzgpNTJNKaUDWkffUsljVEH49nJE3JilR6JEmVLGjJTf0+Maaz1KA5tZ0zNQC96U/E/z89MdBmMuUwzg5LNF0WZICYh0/9JjytkRowsoUxxeythA6ooMzalkg3BW3x5mTTPqp5b9e7OK7WrPI4iHMExnIIHF1CDW6hDAxgk8Ayv8OYY58V5dz7mrQUnnzmEP3A+fwBWD5FG</latexit><latexit sha1_base64="r12z7h4K7SpVk0gQ7urqbop99D0=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GNRDx4r2A9IQ9lsJ+3azSbsboRS+zO8eFDEq7/Gm//GbZuDtj4YeLw3w8y8MBVcG9f9dgorq2vrG8XN0tb2zu5eef+gqZNMMWywRCSqHVKNgktsGG4EtlOFNA4FtsLh9dRvPaLSPJH3ZpRiENO+5BFn1FjJf7rpPnQUlX2B3XLFrbozkGXi5aQCOerd8lenl7AsRmmYoFr7npuaYEyV4UzgpNTJNKaUDWkffUsljVEH49nJE3JilR6JEmVLGjJTf0+Maaz1KA5tZ0zNQC96U/E/z89MdBmMuUwzg5LNF0WZICYh0/9JjytkRowsoUxxeythA6ooMzalkg3BW3x5mTTPqp5b9e7OK7WrPI4iHMExnIIHF1CDW6hDAxgk8Ayv8OYY58V5dz7mrQUnnzmEP3A+fwBWD5FG</latexit><latexit sha1_base64="r12z7h4K7SpVk0gQ7urqbop99D0=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GNRDx4r2A9IQ9lsJ+3azSbsboRS+zO8eFDEq7/Gm//GbZuDtj4YeLw3w8y8MBVcG9f9dgorq2vrG8XN0tb2zu5eef+gqZNMMWywRCSqHVKNgktsGG4EtlOFNA4FtsLh9dRvPaLSPJH3ZpRiENO+5BFn1FjJf7rpPnQUlX2B3XLFrbozkGXi5aQCOerd8lenl7AsRmmYoFr7npuaYEyV4UzgpNTJNKaUDWkffUsljVEH49nJE3JilR6JEmVLGjJTf0+Maaz1KA5tZ0zNQC96U/E/z89MdBmMuUwzg5LNF0WZICYh0/9JjytkRowsoUxxeythA6ooMzalkg3BW3x5mTTPqp5b9e7OK7WrPI4iHMExnIIHF1CDW6hDAxgk8Ayv8OYY58V5dz7mrQUnnzmEP3A+fwBWD5FG</latexit>

hDj |H|Dji > ✏
<latexit sha1_base64="e/AdRDSDjS3vDrOv578l88Y7NN0=">AAACDHicbVDLSgMxFM34rPVVdekmWARXZUYEXUlRF11WsA/oDCWT3mljM5khyQhl2g9w46+4caGIWz/AnX9jOp2Fth5IOJxzLsk9fsyZ0rb9bS0tr6yurRc2iptb2zu7pb39pooSSaFBIx7Jtk8UcCagoZnm0I4lkNDn0PKH11O/9QBSsUjc6VEMXkj6ggWMEm2kbqnsciL6HPBN935cG5vblTPhErsQK8azlF2xM+BF4uSkjHLUu6UvtxfRJAShKSdKdRw71l5KpGaUw6ToJgpiQoekDx1DBQlBeWm2zAQfG6WHg0iaIzTO1N8TKQmVGoW+SYZED9S8NxX/8zqJDi68lIk40SDo7KEg4VhHeNoM7jEJVPORIYRKZv6K6YBIQrXpr2hKcOZXXiTN04pjV5zbs3L1Kq+jgA7RETpBDjpHVVRDddRAFD2iZ/SK3qwn68V6tz5m0SUrnzlAf2B9/gAQkZr7</latexit><latexit sha1_base64="e/AdRDSDjS3vDrOv578l88Y7NN0=">AAACDHicbVDLSgMxFM34rPVVdekmWARXZUYEXUlRF11WsA/oDCWT3mljM5khyQhl2g9w46+4caGIWz/AnX9jOp2Fth5IOJxzLsk9fsyZ0rb9bS0tr6yurRc2iptb2zu7pb39pooSSaFBIx7Jtk8UcCagoZnm0I4lkNDn0PKH11O/9QBSsUjc6VEMXkj6ggWMEm2kbqnsciL6HPBN935cG5vblTPhErsQK8azlF2xM+BF4uSkjHLUu6UvtxfRJAShKSdKdRw71l5KpGaUw6ToJgpiQoekDx1DBQlBeWm2zAQfG6WHg0iaIzTO1N8TKQmVGoW+SYZED9S8NxX/8zqJDi68lIk40SDo7KEg4VhHeNoM7jEJVPORIYRKZv6K6YBIQrXpr2hKcOZXXiTN04pjV5zbs3L1Kq+jgA7RETpBDjpHVVRDddRAFD2iZ/SK3qwn68V6tz5m0SUrnzlAf2B9/gAQkZr7</latexit><latexit sha1_base64="e/AdRDSDjS3vDrOv578l88Y7NN0=">AAACDHicbVDLSgMxFM34rPVVdekmWARXZUYEXUlRF11WsA/oDCWT3mljM5khyQhl2g9w46+4caGIWz/AnX9jOp2Fth5IOJxzLsk9fsyZ0rb9bS0tr6yurRc2iptb2zu7pb39pooSSaFBIx7Jtk8UcCagoZnm0I4lkNDn0PKH11O/9QBSsUjc6VEMXkj6ggWMEm2kbqnsciL6HPBN935cG5vblTPhErsQK8azlF2xM+BF4uSkjHLUu6UvtxfRJAShKSdKdRw71l5KpGaUw6ToJgpiQoekDx1DBQlBeWm2zAQfG6WHg0iaIzTO1N8TKQmVGoW+SYZED9S8NxX/8zqJDi68lIk40SDo7KEg4VhHeNoM7jEJVPORIYRKZv6K6YBIQrXpr2hKcOZXXiTN04pjV5zbs3L1Kq+jgA7RETpBDjpHVVRDddRAFD2iZ/SK3qwn68V6tz5m0SUrnzlAf2B9/gAQkZr7</latexit><latexit sha1_base64="e/AdRDSDjS3vDrOv578l88Y7NN0=">AAACDHicbVDLSgMxFM34rPVVdekmWARXZUYEXUlRF11WsA/oDCWT3mljM5khyQhl2g9w46+4caGIWz/AnX9jOp2Fth5IOJxzLsk9fsyZ0rb9bS0tr6yurRc2iptb2zu7pb39pooSSaFBIx7Jtk8UcCagoZnm0I4lkNDn0PKH11O/9QBSsUjc6VEMXkj6ggWMEm2kbqnsciL6HPBN935cG5vblTPhErsQK8azlF2xM+BF4uSkjHLUu6UvtxfRJAShKSdKdRw71l5KpGaUw6ToJgpiQoekDx1DBQlBeWm2zAQfG6WHg0iaIzTO1N8TKQmVGoW+SYZED9S8NxX/8zqJDi68lIk40SDo7KEg4VhHeNoM7jEJVPORIYRKZv6K6YBIQrXpr2hKcOZXXiTN04pjV5zbs3L1Kq+jgA7RETpBDjpHVVRDddRAFD2iZ/SK3qwn68V6tz5m0SUrnzlAf2B9/gAQkZr7</latexit>

Holmes, Tubman, Umrigar JCTC 12, 3674, (2016)



Trick 1 (trivial to screen arrays that are in 
descending order)

|Dii
<latexit sha1_base64="e57vCv4bzcdU60Om04Ye5PUsnro=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GNRDx4r2FpIQ9lsN+3SzSbsToQS+zO8eFDEq7/Gm//GbZuDtj4YeLw3w8y8MJXCoOt+O6WV1bX1jfJmZWt7Z3evun/QNkmmGW+xRCa6E1LDpVC8hQIl76Sa0ziU/CEcXU/9h0eujUjUPY5THsR0oEQkGEUr+U83PdHVVA0k71Vrbt2dgSwTryA1KNDsVb+6/YRlMVfIJDXG99wUg5xqFEzySaWbGZ5SNqID7luqaMxNkM9OnpATq/RJlGhbCslM/T2R09iYcRzazpji0Cx6U/E/z88wugxyodIMuWLzRVEmCSZk+j/pC80ZyrEllGlhbyVsSDVlaFOq2BC8xZeXSfus7rl17+681rgq4ijDERzDKXhwAQ24hSa0gEECz/AKbw46L8678zFvLTnFzCH8gfP5A1SEkUU=</latexit><latexit sha1_base64="e57vCv4bzcdU60Om04Ye5PUsnro=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GNRDx4r2FpIQ9lsN+3SzSbsToQS+zO8eFDEq7/Gm//GbZuDtj4YeLw3w8y8MJXCoOt+O6WV1bX1jfJmZWt7Z3evun/QNkmmGW+xRCa6E1LDpVC8hQIl76Sa0ziU/CEcXU/9h0eujUjUPY5THsR0oEQkGEUr+U83PdHVVA0k71Vrbt2dgSwTryA1KNDsVb+6/YRlMVfIJDXG99wUg5xqFEzySaWbGZ5SNqID7luqaMxNkM9OnpATq/RJlGhbCslM/T2R09iYcRzazpji0Cx6U/E/z88wugxyodIMuWLzRVEmCSZk+j/pC80ZyrEllGlhbyVsSDVlaFOq2BC8xZeXSfus7rl17+681rgq4ijDERzDKXhwAQ24hSa0gEECz/AKbw46L8678zFvLTnFzCH8gfP5A1SEkUU=</latexit><latexit sha1_base64="e57vCv4bzcdU60Om04Ye5PUsnro=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GNRDx4r2FpIQ9lsN+3SzSbsToQS+zO8eFDEq7/Gm//GbZuDtj4YeLw3w8y8MJXCoOt+O6WV1bX1jfJmZWt7Z3evun/QNkmmGW+xRCa6E1LDpVC8hQIl76Sa0ziU/CEcXU/9h0eujUjUPY5THsR0oEQkGEUr+U83PdHVVA0k71Vrbt2dgSwTryA1KNDsVb+6/YRlMVfIJDXG99wUg5xqFEzySaWbGZ5SNqID7luqaMxNkM9OnpATq/RJlGhbCslM/T2R09iYcRzazpji0Cx6U/E/z88wugxyodIMuWLzRVEmCSZk+j/pC80ZyrEllGlhbyVsSDVlaFOq2BC8xZeXSfus7rl17+681rgq4ijDERzDKXhwAQ24hSa0gEECz/AKbw46L8678zFvLTnFzCH8gfP5A1SEkUU=</latexit><latexit sha1_base64="e57vCv4bzcdU60Om04Ye5PUsnro=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GNRDx4r2FpIQ9lsN+3SzSbsToQS+zO8eFDEq7/Gm//GbZuDtj4YeLw3w8y8MJXCoOt+O6WV1bX1jfJmZWt7Z3evun/QNkmmGW+xRCa6E1LDpVC8hQIl76Sa0ziU/CEcXU/9h0eujUjUPY5THsR0oEQkGEUr+U83PdHVVA0k71Vrbt2dgSwTryA1KNDsVb+6/YRlMVfIJDXG99wUg5xqFEzySaWbGZ5SNqID7luqaMxNkM9OnpATq/RJlGhbCslM/T2R09iYcRzazpji0Cx6U/E/z88wugxyodIMuWLzRVEmCSZk+j/pC80ZyrEllGlhbyVsSDVlaFOq2BC8xZeXSfus7rl17+681rgq4ijDERzDKXhwAQ24hSa0gEECz/AKbw46L8678zFvLTnFzCH8gfP5A1SEkUU=</latexit>

|Dji
<latexit sha1_base64="r12z7h4K7SpVk0gQ7urqbop99D0=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GNRDx4r2A9IQ9lsJ+3azSbsboRS+zO8eFDEq7/Gm//GbZuDtj4YeLw3w8y8MBVcG9f9dgorq2vrG8XN0tb2zu5eef+gqZNMMWywRCSqHVKNgktsGG4EtlOFNA4FtsLh9dRvPaLSPJH3ZpRiENO+5BFn1FjJf7rpPnQUlX2B3XLFrbozkGXi5aQCOerd8lenl7AsRmmYoFr7npuaYEyV4UzgpNTJNKaUDWkffUsljVEH49nJE3JilR6JEmVLGjJTf0+Maaz1KA5tZ0zNQC96U/E/z89MdBmMuUwzg5LNF0WZICYh0/9JjytkRowsoUxxeythA6ooMzalkg3BW3x5mTTPqp5b9e7OK7WrPI4iHMExnIIHF1CDW6hDAxgk8Ayv8OYY58V5dz7mrQUnnzmEP3A+fwBWD5FG</latexit><latexit sha1_base64="r12z7h4K7SpVk0gQ7urqbop99D0=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GNRDx4r2A9IQ9lsJ+3azSbsboRS+zO8eFDEq7/Gm//GbZuDtj4YeLw3w8y8MBVcG9f9dgorq2vrG8XN0tb2zu5eef+gqZNMMWywRCSqHVKNgktsGG4EtlOFNA4FtsLh9dRvPaLSPJH3ZpRiENO+5BFn1FjJf7rpPnQUlX2B3XLFrbozkGXi5aQCOerd8lenl7AsRmmYoFr7npuaYEyV4UzgpNTJNKaUDWkffUsljVEH49nJE3JilR6JEmVLGjJTf0+Maaz1KA5tZ0zNQC96U/E/z89MdBmMuUwzg5LNF0WZICYh0/9JjytkRowsoUxxeythA6ooMzalkg3BW3x5mTTPqp5b9e7OK7WrPI4iHMExnIIHF1CDW6hDAxgk8Ayv8OYY58V5dz7mrQUnnzmEP3A+fwBWD5FG</latexit><latexit sha1_base64="r12z7h4K7SpVk0gQ7urqbop99D0=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GNRDx4r2A9IQ9lsJ+3azSbsboRS+zO8eFDEq7/Gm//GbZuDtj4YeLw3w8y8MBVcG9f9dgorq2vrG8XN0tb2zu5eef+gqZNMMWywRCSqHVKNgktsGG4EtlOFNA4FtsLh9dRvPaLSPJH3ZpRiENO+5BFn1FjJf7rpPnQUlX2B3XLFrbozkGXi5aQCOerd8lenl7AsRmmYoFr7npuaYEyV4UzgpNTJNKaUDWkffUsljVEH49nJE3JilR6JEmVLGjJTf0+Maaz1KA5tZ0zNQC96U/E/z89MdBmMuUwzg5LNF0WZICYh0/9JjytkRowsoUxxeythA6ooMzalkg3BW3x5mTTPqp5b9e7OK7WrPI4iHMExnIIHF1CDW6hDAxgk8Ayv8OYY58V5dz7mrQUnnzmEP3A+fwBWD5FG</latexit><latexit sha1_base64="r12z7h4K7SpVk0gQ7urqbop99D0=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GNRDx4r2A9IQ9lsJ+3azSbsboRS+zO8eFDEq7/Gm//GbZuDtj4YeLw3w8y8MBVcG9f9dgorq2vrG8XN0tb2zu5eef+gqZNMMWywRCSqHVKNgktsGG4EtlOFNA4FtsLh9dRvPaLSPJH3ZpRiENO+5BFn1FjJf7rpPnQUlX2B3XLFrbozkGXi5aQCOerd8lenl7AsRmmYoFr7npuaYEyV4UzgpNTJNKaUDWkffUsljVEH49nJE3JilR6JEmVLGjJTf0+Maaz1KA5tZ0zNQC96U/E/z89MdBmMuUwzg5LNF0WZICYh0/9JjytkRowsoUxxeythA6ooMzalkg3BW3x5mTTPqp5b9e7OK7WrPI4iHMExnIIHF1CDW6hDAxgk8Ayv8OYY58V5dz7mrQUnnzmEP3A+fwBWD5FG</latexit>

hDj |H|Dji > ✏
<latexit sha1_base64="e/AdRDSDjS3vDrOv578l88Y7NN0=">AAACDHicbVDLSgMxFM34rPVVdekmWARXZUYEXUlRF11WsA/oDCWT3mljM5khyQhl2g9w46+4caGIWz/AnX9jOp2Fth5IOJxzLsk9fsyZ0rb9bS0tr6yurRc2iptb2zu7pb39pooSSaFBIx7Jtk8UcCagoZnm0I4lkNDn0PKH11O/9QBSsUjc6VEMXkj6ggWMEm2kbqnsciL6HPBN935cG5vblTPhErsQK8azlF2xM+BF4uSkjHLUu6UvtxfRJAShKSdKdRw71l5KpGaUw6ToJgpiQoekDx1DBQlBeWm2zAQfG6WHg0iaIzTO1N8TKQmVGoW+SYZED9S8NxX/8zqJDi68lIk40SDo7KEg4VhHeNoM7jEJVPORIYRKZv6K6YBIQrXpr2hKcOZXXiTN04pjV5zbs3L1Kq+jgA7RETpBDjpHVVRDddRAFD2iZ/SK3qwn68V6tz5m0SUrnzlAf2B9/gAQkZr7</latexit><latexit sha1_base64="e/AdRDSDjS3vDrOv578l88Y7NN0=">AAACDHicbVDLSgMxFM34rPVVdekmWARXZUYEXUlRF11WsA/oDCWT3mljM5khyQhl2g9w46+4caGIWz/AnX9jOp2Fth5IOJxzLsk9fsyZ0rb9bS0tr6yurRc2iptb2zu7pb39pooSSaFBIx7Jtk8UcCagoZnm0I4lkNDn0PKH11O/9QBSsUjc6VEMXkj6ggWMEm2kbqnsciL6HPBN935cG5vblTPhErsQK8azlF2xM+BF4uSkjHLUu6UvtxfRJAShKSdKdRw71l5KpGaUw6ToJgpiQoekDx1DBQlBeWm2zAQfG6WHg0iaIzTO1N8TKQmVGoW+SYZED9S8NxX/8zqJDi68lIk40SDo7KEg4VhHeNoM7jEJVPORIYRKZv6K6YBIQrXpr2hKcOZXXiTN04pjV5zbs3L1Kq+jgA7RETpBDjpHVVRDddRAFD2iZ/SK3qwn68V6tz5m0SUrnzlAf2B9/gAQkZr7</latexit><latexit sha1_base64="e/AdRDSDjS3vDrOv578l88Y7NN0=">AAACDHicbVDLSgMxFM34rPVVdekmWARXZUYEXUlRF11WsA/oDCWT3mljM5khyQhl2g9w46+4caGIWz/AnX9jOp2Fth5IOJxzLsk9fsyZ0rb9bS0tr6yurRc2iptb2zu7pb39pooSSaFBIx7Jtk8UcCagoZnm0I4lkNDn0PKH11O/9QBSsUjc6VEMXkj6ggWMEm2kbqnsciL6HPBN935cG5vblTPhErsQK8azlF2xM+BF4uSkjHLUu6UvtxfRJAShKSdKdRw71l5KpGaUw6ToJgpiQoekDx1DBQlBeWm2zAQfG6WHg0iaIzTO1N8TKQmVGoW+SYZED9S8NxX/8zqJDi68lIk40SDo7KEg4VhHeNoM7jEJVPORIYRKZv6K6YBIQrXpr2hKcOZXXiTN04pjV5zbs3L1Kq+jgA7RETpBDjpHVVRDddRAFD2iZ/SK3qwn68V6tz5m0SUrnzlAf2B9/gAQkZr7</latexit><latexit sha1_base64="e/AdRDSDjS3vDrOv578l88Y7NN0=">AAACDHicbVDLSgMxFM34rPVVdekmWARXZUYEXUlRF11WsA/oDCWT3mljM5khyQhl2g9w46+4caGIWz/AnX9jOp2Fth5IOJxzLsk9fsyZ0rb9bS0tr6yurRc2iptb2zu7pb39pooSSaFBIx7Jtk8UcCagoZnm0I4lkNDn0PKH11O/9QBSsUjc6VEMXkj6ggWMEm2kbqnsciL6HPBN935cG5vblTPhErsQK8azlF2xM+BF4uSkjHLUu6UvtxfRJAShKSdKdRw71l5KpGaUw6ToJgpiQoekDx1DBQlBeWm2zAQfG6WHg0iaIzTO1N8TKQmVGoW+SYZED9S8NxX/8zqJDi68lIk40SDo7KEg4VhHeNoM7jEJVPORIYRKZv6K6YBIQrXpr2hKcOZXXiTN04pjV5zbs3L1Kq+jgA7RETpBDjpHVVRDddRAFD2iZ/SK3qwn68V6tz5m0SUrnzlAf2B9/gAQkZr7</latexit>

Holmes, Tubman, Umrigar JCTC 12, 3674, (2016)



Trick 1 (trivial to screen arrays that are in 
descending order)

|Dii
<latexit sha1_base64="e57vCv4bzcdU60Om04Ye5PUsnro=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GNRDx4r2FpIQ9lsN+3SzSbsToQS+zO8eFDEq7/Gm//GbZuDtj4YeLw3w8y8MJXCoOt+O6WV1bX1jfJmZWt7Z3evun/QNkmmGW+xRCa6E1LDpVC8hQIl76Sa0ziU/CEcXU/9h0eujUjUPY5THsR0oEQkGEUr+U83PdHVVA0k71Vrbt2dgSwTryA1KNDsVb+6/YRlMVfIJDXG99wUg5xqFEzySaWbGZ5SNqID7luqaMxNkM9OnpATq/RJlGhbCslM/T2R09iYcRzazpji0Cx6U/E/z88wugxyodIMuWLzRVEmCSZk+j/pC80ZyrEllGlhbyVsSDVlaFOq2BC8xZeXSfus7rl17+681rgq4ijDERzDKXhwAQ24hSa0gEECz/AKbw46L8678zFvLTnFzCH8gfP5A1SEkUU=</latexit><latexit sha1_base64="e57vCv4bzcdU60Om04Ye5PUsnro=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GNRDx4r2FpIQ9lsN+3SzSbsToQS+zO8eFDEq7/Gm//GbZuDtj4YeLw3w8y8MJXCoOt+O6WV1bX1jfJmZWt7Z3evun/QNkmmGW+xRCa6E1LDpVC8hQIl76Sa0ziU/CEcXU/9h0eujUjUPY5THsR0oEQkGEUr+U83PdHVVA0k71Vrbt2dgSwTryA1KNDsVb+6/YRlMVfIJDXG99wUg5xqFEzySaWbGZ5SNqID7luqaMxNkM9OnpATq/RJlGhbCslM/T2R09iYcRzazpji0Cx6U/E/z88wugxyodIMuWLzRVEmCSZk+j/pC80ZyrEllGlhbyVsSDVlaFOq2BC8xZeXSfus7rl17+681rgq4ijDERzDKXhwAQ24hSa0gEECz/AKbw46L8678zFvLTnFzCH8gfP5A1SEkUU=</latexit><latexit sha1_base64="e57vCv4bzcdU60Om04Ye5PUsnro=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GNRDx4r2FpIQ9lsN+3SzSbsToQS+zO8eFDEq7/Gm//GbZuDtj4YeLw3w8y8MJXCoOt+O6WV1bX1jfJmZWt7Z3evun/QNkmmGW+xRCa6E1LDpVC8hQIl76Sa0ziU/CEcXU/9h0eujUjUPY5THsR0oEQkGEUr+U83PdHVVA0k71Vrbt2dgSwTryA1KNDsVb+6/YRlMVfIJDXG99wUg5xqFEzySaWbGZ5SNqID7luqaMxNkM9OnpATq/RJlGhbCslM/T2R09iYcRzazpji0Cx6U/E/z88wugxyodIMuWLzRVEmCSZk+j/pC80ZyrEllGlhbyVsSDVlaFOq2BC8xZeXSfus7rl17+681rgq4ijDERzDKXhwAQ24hSa0gEECz/AKbw46L8678zFvLTnFzCH8gfP5A1SEkUU=</latexit><latexit sha1_base64="e57vCv4bzcdU60Om04Ye5PUsnro=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GNRDx4r2FpIQ9lsN+3SzSbsToQS+zO8eFDEq7/Gm//GbZuDtj4YeLw3w8y8MJXCoOt+O6WV1bX1jfJmZWt7Z3evun/QNkmmGW+xRCa6E1LDpVC8hQIl76Sa0ziU/CEcXU/9h0eujUjUPY5THsR0oEQkGEUr+U83PdHVVA0k71Vrbt2dgSwTryA1KNDsVb+6/YRlMVfIJDXG99wUg5xqFEzySaWbGZ5SNqID7luqaMxNkM9OnpATq/RJlGhbCslM/T2R09iYcRzazpji0Cx6U/E/z88wugxyodIMuWLzRVEmCSZk+j/pC80ZyrEllGlhbyVsSDVlaFOq2BC8xZeXSfus7rl17+681rgq4ijDERzDKXhwAQ24hSa0gEECz/AKbw46L8678zFvLTnFzCH8gfP5A1SEkUU=</latexit>

|Dji
<latexit sha1_base64="r12z7h4K7SpVk0gQ7urqbop99D0=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GNRDx4r2A9IQ9lsJ+3azSbsboRS+zO8eFDEq7/Gm//GbZuDtj4YeLw3w8y8MBVcG9f9dgorq2vrG8XN0tb2zu5eef+gqZNMMWywRCSqHVKNgktsGG4EtlOFNA4FtsLh9dRvPaLSPJH3ZpRiENO+5BFn1FjJf7rpPnQUlX2B3XLFrbozkGXi5aQCOerd8lenl7AsRmmYoFr7npuaYEyV4UzgpNTJNKaUDWkffUsljVEH49nJE3JilR6JEmVLGjJTf0+Maaz1KA5tZ0zNQC96U/E/z89MdBmMuUwzg5LNF0WZICYh0/9JjytkRowsoUxxeythA6ooMzalkg3BW3x5mTTPqp5b9e7OK7WrPI4iHMExnIIHF1CDW6hDAxgk8Ayv8OYY58V5dz7mrQUnnzmEP3A+fwBWD5FG</latexit><latexit sha1_base64="r12z7h4K7SpVk0gQ7urqbop99D0=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GNRDx4r2A9IQ9lsJ+3azSbsboRS+zO8eFDEq7/Gm//GbZuDtj4YeLw3w8y8MBVcG9f9dgorq2vrG8XN0tb2zu5eef+gqZNMMWywRCSqHVKNgktsGG4EtlOFNA4FtsLh9dRvPaLSPJH3ZpRiENO+5BFn1FjJf7rpPnQUlX2B3XLFrbozkGXi5aQCOerd8lenl7AsRmmYoFr7npuaYEyV4UzgpNTJNKaUDWkffUsljVEH49nJE3JilR6JEmVLGjJTf0+Maaz1KA5tZ0zNQC96U/E/z89MdBmMuUwzg5LNF0WZICYh0/9JjytkRowsoUxxeythA6ooMzalkg3BW3x5mTTPqp5b9e7OK7WrPI4iHMExnIIHF1CDW6hDAxgk8Ayv8OYY58V5dz7mrQUnnzmEP3A+fwBWD5FG</latexit><latexit sha1_base64="r12z7h4K7SpVk0gQ7urqbop99D0=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GNRDx4r2A9IQ9lsJ+3azSbsboRS+zO8eFDEq7/Gm//GbZuDtj4YeLw3w8y8MBVcG9f9dgorq2vrG8XN0tb2zu5eef+gqZNMMWywRCSqHVKNgktsGG4EtlOFNA4FtsLh9dRvPaLSPJH3ZpRiENO+5BFn1FjJf7rpPnQUlX2B3XLFrbozkGXi5aQCOerd8lenl7AsRmmYoFr7npuaYEyV4UzgpNTJNKaUDWkffUsljVEH49nJE3JilR6JEmVLGjJTf0+Maaz1KA5tZ0zNQC96U/E/z89MdBmMuUwzg5LNF0WZICYh0/9JjytkRowsoUxxeythA6ooMzalkg3BW3x5mTTPqp5b9e7OK7WrPI4iHMExnIIHF1CDW6hDAxgk8Ayv8OYY58V5dz7mrQUnnzmEP3A+fwBWD5FG</latexit><latexit sha1_base64="r12z7h4K7SpVk0gQ7urqbop99D0=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GNRDx4r2A9IQ9lsJ+3azSbsboRS+zO8eFDEq7/Gm//GbZuDtj4YeLw3w8y8MBVcG9f9dgorq2vrG8XN0tb2zu5eef+gqZNMMWywRCSqHVKNgktsGG4EtlOFNA4FtsLh9dRvPaLSPJH3ZpRiENO+5BFn1FjJf7rpPnQUlX2B3XLFrbozkGXi5aQCOerd8lenl7AsRmmYoFr7npuaYEyV4UzgpNTJNKaUDWkffUsljVEH49nJE3JilR6JEmVLGjJTf0+Maaz1KA5tZ0zNQC96U/E/z89MdBmMuUwzg5LNF0WZICYh0/9JjytkRowsoUxxeythA6ooMzalkg3BW3x5mTTPqp5b9e7OK7WrPI4iHMExnIIHF1CDW6hDAxgk8Ayv8OYY58V5dz7mrQUnnzmEP3A+fwBWD5FG</latexit>

electrons in orbitals pq get excited to orbitals rs

hDj |H|Dii = hpq||rsi
<latexit sha1_base64="i1ww3aEdLfFkIHUHLVOkBwNAzKQ=">AAACGXicbZDLSsNAFIYn9VbrLerSzWARXJVEBN0IRbvosoK9QBPCZDppx04mcWYilKSv4cZXceNCEZe68m2cthG09cDAz/efw5nz+zGjUlnWl1FYWl5ZXSuulzY2t7Z3zN29lowSgUkTRywSHR9JwignTUUVI51YEBT6jLT94dXEb98TIWnEb9QoJm6I+pwGFCOlkWdaDkO8zwisebdZPat51BEzcAF/rPguy4TMuWeWrYo1Lbgo7FyUQV4Nz/xwehFOQsIVZkjKrm3Fyk2RUBQzMi45iSQxwkPUJ10tOQqJdNPpZWN4pEkPBpHQjys4pb8nUhRKOQp93RkiNZDz3gT+53UTFZy7KeVxogjHs0VBwqCK4CQm2KOCYMVGWiAsqP4rxAMkEFY6zJIOwZ4/eVG0Tiq2VbGvT8vVyzyOIjgAh+AY2OAMVEEdNEATYPAAnsALeDUejWfjzXiftRaMfGYf/Cnj8xuPCaCn</latexit><latexit sha1_base64="i1ww3aEdLfFkIHUHLVOkBwNAzKQ=">AAACGXicbZDLSsNAFIYn9VbrLerSzWARXJVEBN0IRbvosoK9QBPCZDppx04mcWYilKSv4cZXceNCEZe68m2cthG09cDAz/efw5nz+zGjUlnWl1FYWl5ZXSuulzY2t7Z3zN29lowSgUkTRywSHR9JwignTUUVI51YEBT6jLT94dXEb98TIWnEb9QoJm6I+pwGFCOlkWdaDkO8zwisebdZPat51BEzcAF/rPguy4TMuWeWrYo1Lbgo7FyUQV4Nz/xwehFOQsIVZkjKrm3Fyk2RUBQzMi45iSQxwkPUJ10tOQqJdNPpZWN4pEkPBpHQjys4pb8nUhRKOQp93RkiNZDz3gT+53UTFZy7KeVxogjHs0VBwqCK4CQm2KOCYMVGWiAsqP4rxAMkEFY6zJIOwZ4/eVG0Tiq2VbGvT8vVyzyOIjgAh+AY2OAMVEEdNEATYPAAnsALeDUejWfjzXiftRaMfGYf/Cnj8xuPCaCn</latexit><latexit sha1_base64="i1ww3aEdLfFkIHUHLVOkBwNAzKQ=">AAACGXicbZDLSsNAFIYn9VbrLerSzWARXJVEBN0IRbvosoK9QBPCZDppx04mcWYilKSv4cZXceNCEZe68m2cthG09cDAz/efw5nz+zGjUlnWl1FYWl5ZXSuulzY2t7Z3zN29lowSgUkTRywSHR9JwignTUUVI51YEBT6jLT94dXEb98TIWnEb9QoJm6I+pwGFCOlkWdaDkO8zwisebdZPat51BEzcAF/rPguy4TMuWeWrYo1Lbgo7FyUQV4Nz/xwehFOQsIVZkjKrm3Fyk2RUBQzMi45iSQxwkPUJ10tOQqJdNPpZWN4pEkPBpHQjys4pb8nUhRKOQp93RkiNZDz3gT+53UTFZy7KeVxogjHs0VBwqCK4CQm2KOCYMVGWiAsqP4rxAMkEFY6zJIOwZ4/eVG0Tiq2VbGvT8vVyzyOIjgAh+AY2OAMVEEdNEATYPAAnsALeDUejWfjzXiftRaMfGYf/Cnj8xuPCaCn</latexit><latexit sha1_base64="i1ww3aEdLfFkIHUHLVOkBwNAzKQ=">AAACGXicbZDLSsNAFIYn9VbrLerSzWARXJVEBN0IRbvosoK9QBPCZDppx04mcWYilKSv4cZXceNCEZe68m2cthG09cDAz/efw5nz+zGjUlnWl1FYWl5ZXSuulzY2t7Z3zN29lowSgUkTRywSHR9JwignTUUVI51YEBT6jLT94dXEb98TIWnEb9QoJm6I+pwGFCOlkWdaDkO8zwisebdZPat51BEzcAF/rPguy4TMuWeWrYo1Lbgo7FyUQV4Nz/xwehFOQsIVZkjKrm3Fyk2RUBQzMi45iSQxwkPUJ10tOQqJdNPpZWN4pEkPBpHQjys4pb8nUhRKOQp93RkiNZDz3gT+53UTFZy7KeVxogjHs0VBwqCK4CQm2KOCYMVGWiAsqP4rxAMkEFY6zJIOwZ4/eVG0Tiq2VbGvT8vVyzyOIjgAh+AY2OAMVEEdNEATYPAAnsALeDUejWfjzXiftRaMfGYf/Cnj8xuPCaCn</latexit>

hDj |H|Dji > ✏
<latexit sha1_base64="e/AdRDSDjS3vDrOv578l88Y7NN0=">AAACDHicbVDLSgMxFM34rPVVdekmWARXZUYEXUlRF11WsA/oDCWT3mljM5khyQhl2g9w46+4caGIWz/AnX9jOp2Fth5IOJxzLsk9fsyZ0rb9bS0tr6yurRc2iptb2zu7pb39pooSSaFBIx7Jtk8UcCagoZnm0I4lkNDn0PKH11O/9QBSsUjc6VEMXkj6ggWMEm2kbqnsciL6HPBN935cG5vblTPhErsQK8azlF2xM+BF4uSkjHLUu6UvtxfRJAShKSdKdRw71l5KpGaUw6ToJgpiQoekDx1DBQlBeWm2zAQfG6WHg0iaIzTO1N8TKQmVGoW+SYZED9S8NxX/8zqJDi68lIk40SDo7KEg4VhHeNoM7jEJVPORIYRKZv6K6YBIQrXpr2hKcOZXXiTN04pjV5zbs3L1Kq+jgA7RETpBDjpHVVRDddRAFD2iZ/SK3qwn68V6tz5m0SUrnzlAf2B9/gAQkZr7</latexit><latexit sha1_base64="e/AdRDSDjS3vDrOv578l88Y7NN0=">AAACDHicbVDLSgMxFM34rPVVdekmWARXZUYEXUlRF11WsA/oDCWT3mljM5khyQhl2g9w46+4caGIWz/AnX9jOp2Fth5IOJxzLsk9fsyZ0rb9bS0tr6yurRc2iptb2zu7pb39pooSSaFBIx7Jtk8UcCagoZnm0I4lkNDn0PKH11O/9QBSsUjc6VEMXkj6ggWMEm2kbqnsciL6HPBN935cG5vblTPhErsQK8azlF2xM+BF4uSkjHLUu6UvtxfRJAShKSdKdRw71l5KpGaUw6ToJgpiQoekDx1DBQlBeWm2zAQfG6WHg0iaIzTO1N8TKQmVGoW+SYZED9S8NxX/8zqJDi68lIk40SDo7KEg4VhHeNoM7jEJVPORIYRKZv6K6YBIQrXpr2hKcOZXXiTN04pjV5zbs3L1Kq+jgA7RETpBDjpHVVRDddRAFD2iZ/SK3qwn68V6tz5m0SUrnzlAf2B9/gAQkZr7</latexit><latexit sha1_base64="e/AdRDSDjS3vDrOv578l88Y7NN0=">AAACDHicbVDLSgMxFM34rPVVdekmWARXZUYEXUlRF11WsA/oDCWT3mljM5khyQhl2g9w46+4caGIWz/AnX9jOp2Fth5IOJxzLsk9fsyZ0rb9bS0tr6yurRc2iptb2zu7pb39pooSSaFBIx7Jtk8UcCagoZnm0I4lkNDn0PKH11O/9QBSsUjc6VEMXkj6ggWMEm2kbqnsciL6HPBN935cG5vblTPhErsQK8azlF2xM+BF4uSkjHLUu6UvtxfRJAShKSdKdRw71l5KpGaUw6ToJgpiQoekDx1DBQlBeWm2zAQfG6WHg0iaIzTO1N8TKQmVGoW+SYZED9S8NxX/8zqJDi68lIk40SDo7KEg4VhHeNoM7jEJVPORIYRKZv6K6YBIQrXpr2hKcOZXXiTN04pjV5zbs3L1Kq+jgA7RETpBDjpHVVRDddRAFD2iZ/SK3qwn68V6tz5m0SUrnzlAf2B9/gAQkZr7</latexit><latexit sha1_base64="e/AdRDSDjS3vDrOv578l88Y7NN0=">AAACDHicbVDLSgMxFM34rPVVdekmWARXZUYEXUlRF11WsA/oDCWT3mljM5khyQhl2g9w46+4caGIWz/AnX9jOp2Fth5IOJxzLsk9fsyZ0rb9bS0tr6yurRc2iptb2zu7pb39pooSSaFBIx7Jtk8UcCagoZnm0I4lkNDn0PKH11O/9QBSsUjc6VEMXkj6ggWMEm2kbqnsciL6HPBN935cG5vblTPhErsQK8azlF2xM+BF4uSkjHLUu6UvtxfRJAShKSdKdRw71l5KpGaUw6ToJgpiQoekDx1DBQlBeWm2zAQfG6WHg0iaIzTO1N8TKQmVGoW+SYZED9S8NxX/8zqJDi68lIk40SDo7KEg4VhHeNoM7jEJVPORIYRKZv6K6YBIQrXpr2hKcOZXXiTN04pjV5zbs3L1Kq+jgA7RETpBDjpHVVRDddRAFD2iZ/SK3qwn68V6tz5m0SUrnzlAf2B9/gAQkZr7</latexit>

Holmes, Tubman, Umrigar JCTC 12, 3674, (2016)



Trick 1 (trivial to screen arrays that are in 
descending order)

|Dii
<latexit sha1_base64="e57vCv4bzcdU60Om04Ye5PUsnro=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GNRDx4r2FpIQ9lsN+3SzSbsToQS+zO8eFDEq7/Gm//GbZuDtj4YeLw3w8y8MJXCoOt+O6WV1bX1jfJmZWt7Z3evun/QNkmmGW+xRCa6E1LDpVC8hQIl76Sa0ziU/CEcXU/9h0eujUjUPY5THsR0oEQkGEUr+U83PdHVVA0k71Vrbt2dgSwTryA1KNDsVb+6/YRlMVfIJDXG99wUg5xqFEzySaWbGZ5SNqID7luqaMxNkM9OnpATq/RJlGhbCslM/T2R09iYcRzazpji0Cx6U/E/z88wugxyodIMuWLzRVEmCSZk+j/pC80ZyrEllGlhbyVsSDVlaFOq2BC8xZeXSfus7rl17+681rgq4ijDERzDKXhwAQ24hSa0gEECz/AKbw46L8678zFvLTnFzCH8gfP5A1SEkUU=</latexit><latexit sha1_base64="e57vCv4bzcdU60Om04Ye5PUsnro=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GNRDx4r2FpIQ9lsN+3SzSbsToQS+zO8eFDEq7/Gm//GbZuDtj4YeLw3w8y8MJXCoOt+O6WV1bX1jfJmZWt7Z3evun/QNkmmGW+xRCa6E1LDpVC8hQIl76Sa0ziU/CEcXU/9h0eujUjUPY5THsR0oEQkGEUr+U83PdHVVA0k71Vrbt2dgSwTryA1KNDsVb+6/YRlMVfIJDXG99wUg5xqFEzySaWbGZ5SNqID7luqaMxNkM9OnpATq/RJlGhbCslM/T2R09iYcRzazpji0Cx6U/E/z88wugxyodIMuWLzRVEmCSZk+j/pC80ZyrEllGlhbyVsSDVlaFOq2BC8xZeXSfus7rl17+681rgq4ijDERzDKXhwAQ24hSa0gEECz/AKbw46L8678zFvLTnFzCH8gfP5A1SEkUU=</latexit><latexit sha1_base64="e57vCv4bzcdU60Om04Ye5PUsnro=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GNRDx4r2FpIQ9lsN+3SzSbsToQS+zO8eFDEq7/Gm//GbZuDtj4YeLw3w8y8MJXCoOt+O6WV1bX1jfJmZWt7Z3evun/QNkmmGW+xRCa6E1LDpVC8hQIl76Sa0ziU/CEcXU/9h0eujUjUPY5THsR0oEQkGEUr+U83PdHVVA0k71Vrbt2dgSwTryA1KNDsVb+6/YRlMVfIJDXG99wUg5xqFEzySaWbGZ5SNqID7luqaMxNkM9OnpATq/RJlGhbCslM/T2R09iYcRzazpji0Cx6U/E/z88wugxyodIMuWLzRVEmCSZk+j/pC80ZyrEllGlhbyVsSDVlaFOq2BC8xZeXSfus7rl17+681rgq4ijDERzDKXhwAQ24hSa0gEECz/AKbw46L8678zFvLTnFzCH8gfP5A1SEkUU=</latexit><latexit sha1_base64="e57vCv4bzcdU60Om04Ye5PUsnro=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GNRDx4r2FpIQ9lsN+3SzSbsToQS+zO8eFDEq7/Gm//GbZuDtj4YeLw3w8y8MJXCoOt+O6WV1bX1jfJmZWt7Z3evun/QNkmmGW+xRCa6E1LDpVC8hQIl76Sa0ziU/CEcXU/9h0eujUjUPY5THsR0oEQkGEUr+U83PdHVVA0k71Vrbt2dgSwTryA1KNDsVb+6/YRlMVfIJDXG99wUg5xqFEzySaWbGZ5SNqID7luqaMxNkM9OnpATq/RJlGhbCslM/T2R09iYcRzazpji0Cx6U/E/z88wugxyodIMuWLzRVEmCSZk+j/pC80ZyrEllGlhbyVsSDVlaFOq2BC8xZeXSfus7rl17+681rgq4ijDERzDKXhwAQ24hSa0gEECz/AKbw46L8678zFvLTnFzCH8gfP5A1SEkUU=</latexit>

|Dji
<latexit sha1_base64="r12z7h4K7SpVk0gQ7urqbop99D0=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GNRDx4r2A9IQ9lsJ+3azSbsboRS+zO8eFDEq7/Gm//GbZuDtj4YeLw3w8y8MBVcG9f9dgorq2vrG8XN0tb2zu5eef+gqZNMMWywRCSqHVKNgktsGG4EtlOFNA4FtsLh9dRvPaLSPJH3ZpRiENO+5BFn1FjJf7rpPnQUlX2B3XLFrbozkGXi5aQCOerd8lenl7AsRmmYoFr7npuaYEyV4UzgpNTJNKaUDWkffUsljVEH49nJE3JilR6JEmVLGjJTf0+Maaz1KA5tZ0zNQC96U/E/z89MdBmMuUwzg5LNF0WZICYh0/9JjytkRowsoUxxeythA6ooMzalkg3BW3x5mTTPqp5b9e7OK7WrPI4iHMExnIIHF1CDW6hDAxgk8Ayv8OYY58V5dz7mrQUnnzmEP3A+fwBWD5FG</latexit><latexit sha1_base64="r12z7h4K7SpVk0gQ7urqbop99D0=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GNRDx4r2A9IQ9lsJ+3azSbsboRS+zO8eFDEq7/Gm//GbZuDtj4YeLw3w8y8MBVcG9f9dgorq2vrG8XN0tb2zu5eef+gqZNMMWywRCSqHVKNgktsGG4EtlOFNA4FtsLh9dRvPaLSPJH3ZpRiENO+5BFn1FjJf7rpPnQUlX2B3XLFrbozkGXi5aQCOerd8lenl7AsRmmYoFr7npuaYEyV4UzgpNTJNKaUDWkffUsljVEH49nJE3JilR6JEmVLGjJTf0+Maaz1KA5tZ0zNQC96U/E/z89MdBmMuUwzg5LNF0WZICYh0/9JjytkRowsoUxxeythA6ooMzalkg3BW3x5mTTPqp5b9e7OK7WrPI4iHMExnIIHF1CDW6hDAxgk8Ayv8OYY58V5dz7mrQUnnzmEP3A+fwBWD5FG</latexit><latexit sha1_base64="r12z7h4K7SpVk0gQ7urqbop99D0=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GNRDx4r2A9IQ9lsJ+3azSbsboRS+zO8eFDEq7/Gm//GbZuDtj4YeLw3w8y8MBVcG9f9dgorq2vrG8XN0tb2zu5eef+gqZNMMWywRCSqHVKNgktsGG4EtlOFNA4FtsLh9dRvPaLSPJH3ZpRiENO+5BFn1FjJf7rpPnQUlX2B3XLFrbozkGXi5aQCOerd8lenl7AsRmmYoFr7npuaYEyV4UzgpNTJNKaUDWkffUsljVEH49nJE3JilR6JEmVLGjJTf0+Maaz1KA5tZ0zNQC96U/E/z89MdBmMuUwzg5LNF0WZICYh0/9JjytkRowsoUxxeythA6ooMzalkg3BW3x5mTTPqp5b9e7OK7WrPI4iHMExnIIHF1CDW6hDAxgk8Ayv8OYY58V5dz7mrQUnnzmEP3A+fwBWD5FG</latexit><latexit sha1_base64="r12z7h4K7SpVk0gQ7urqbop99D0=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GNRDx4r2A9IQ9lsJ+3azSbsboRS+zO8eFDEq7/Gm//GbZuDtj4YeLw3w8y8MBVcG9f9dgorq2vrG8XN0tb2zu5eef+gqZNMMWywRCSqHVKNgktsGG4EtlOFNA4FtsLh9dRvPaLSPJH3ZpRiENO+5BFn1FjJf7rpPnQUlX2B3XLFrbozkGXi5aQCOerd8lenl7AsRmmYoFr7npuaYEyV4UzgpNTJNKaUDWkffUsljVEH49nJE3JilR6JEmVLGjJTf0+Maaz1KA5tZ0zNQC96U/E/z89MdBmMuUwzg5LNF0WZICYh0/9JjytkRowsoUxxeythA6ooMzalkg3BW3x5mTTPqp5b9e7OK7WrPI4iHMExnIIHF1CDW6hDAxgk8Ayv8OYY58V5dz7mrQUnnzmEP3A+fwBWD5FG</latexit>

electrons in orbitals pq get excited to orbitals rs

hDj |H|Dii = hpq||rsi
<latexit sha1_base64="i1ww3aEdLfFkIHUHLVOkBwNAzKQ=">AAACGXicbZDLSsNAFIYn9VbrLerSzWARXJVEBN0IRbvosoK9QBPCZDppx04mcWYilKSv4cZXceNCEZe68m2cthG09cDAz/efw5nz+zGjUlnWl1FYWl5ZXSuulzY2t7Z3zN29lowSgUkTRywSHR9JwignTUUVI51YEBT6jLT94dXEb98TIWnEb9QoJm6I+pwGFCOlkWdaDkO8zwisebdZPat51BEzcAF/rPguy4TMuWeWrYo1Lbgo7FyUQV4Nz/xwehFOQsIVZkjKrm3Fyk2RUBQzMi45iSQxwkPUJ10tOQqJdNPpZWN4pEkPBpHQjys4pb8nUhRKOQp93RkiNZDz3gT+53UTFZy7KeVxogjHs0VBwqCK4CQm2KOCYMVGWiAsqP4rxAMkEFY6zJIOwZ4/eVG0Tiq2VbGvT8vVyzyOIjgAh+AY2OAMVEEdNEATYPAAnsALeDUejWfjzXiftRaMfGYf/Cnj8xuPCaCn</latexit><latexit sha1_base64="i1ww3aEdLfFkIHUHLVOkBwNAzKQ=">AAACGXicbZDLSsNAFIYn9VbrLerSzWARXJVEBN0IRbvosoK9QBPCZDppx04mcWYilKSv4cZXceNCEZe68m2cthG09cDAz/efw5nz+zGjUlnWl1FYWl5ZXSuulzY2t7Z3zN29lowSgUkTRywSHR9JwignTUUVI51YEBT6jLT94dXEb98TIWnEb9QoJm6I+pwGFCOlkWdaDkO8zwisebdZPat51BEzcAF/rPguy4TMuWeWrYo1Lbgo7FyUQV4Nz/xwehFOQsIVZkjKrm3Fyk2RUBQzMi45iSQxwkPUJ10tOQqJdNPpZWN4pEkPBpHQjys4pb8nUhRKOQp93RkiNZDz3gT+53UTFZy7KeVxogjHs0VBwqCK4CQm2KOCYMVGWiAsqP4rxAMkEFY6zJIOwZ4/eVG0Tiq2VbGvT8vVyzyOIjgAh+AY2OAMVEEdNEATYPAAnsALeDUejWfjzXiftRaMfGYf/Cnj8xuPCaCn</latexit><latexit sha1_base64="i1ww3aEdLfFkIHUHLVOkBwNAzKQ=">AAACGXicbZDLSsNAFIYn9VbrLerSzWARXJVEBN0IRbvosoK9QBPCZDppx04mcWYilKSv4cZXceNCEZe68m2cthG09cDAz/efw5nz+zGjUlnWl1FYWl5ZXSuulzY2t7Z3zN29lowSgUkTRywSHR9JwignTUUVI51YEBT6jLT94dXEb98TIWnEb9QoJm6I+pwGFCOlkWdaDkO8zwisebdZPat51BEzcAF/rPguy4TMuWeWrYo1Lbgo7FyUQV4Nz/xwehFOQsIVZkjKrm3Fyk2RUBQzMi45iSQxwkPUJ10tOQqJdNPpZWN4pEkPBpHQjys4pb8nUhRKOQp93RkiNZDz3gT+53UTFZy7KeVxogjHs0VBwqCK4CQm2KOCYMVGWiAsqP4rxAMkEFY6zJIOwZ4/eVG0Tiq2VbGvT8vVyzyOIjgAh+AY2OAMVEEdNEATYPAAnsALeDUejWfjzXiftRaMfGYf/Cnj8xuPCaCn</latexit><latexit sha1_base64="i1ww3aEdLfFkIHUHLVOkBwNAzKQ=">AAACGXicbZDLSsNAFIYn9VbrLerSzWARXJVEBN0IRbvosoK9QBPCZDppx04mcWYilKSv4cZXceNCEZe68m2cthG09cDAz/efw5nz+zGjUlnWl1FYWl5ZXSuulzY2t7Z3zN29lowSgUkTRywSHR9JwignTUUVI51YEBT6jLT94dXEb98TIWnEb9QoJm6I+pwGFCOlkWdaDkO8zwisebdZPat51BEzcAF/rPguy4TMuWeWrYo1Lbgo7FyUQV4Nz/xwehFOQsIVZkjKrm3Fyk2RUBQzMi45iSQxwkPUJ10tOQqJdNPpZWN4pEkPBpHQjys4pb8nUhRKOQp93RkiNZDz3gT+53UTFZy7KeVxogjHs0VBwqCK4CQm2KOCYMVGWiAsqP4rxAMkEFY6zJIOwZ4/eVG0Tiq2VbGvT8vVyzyOIjgAh+AY2OAMVEEdNEATYPAAnsALeDUejWfjzXiftRaMfGYf/Cnj8xuPCaCn</latexit>

descending order by magnitude
Sorting is only slightly more expensive than reading the integrals

pq ! {hpq||r1s1i, hpq||r2s2i, hpq||r3s3i, · · · }
<latexit sha1_base64="MTvSDOnod+KcwjGClTtjffWOLEo="></latexit><latexit sha1_base64="MTvSDOnod+KcwjGClTtjffWOLEo="></latexit><latexit sha1_base64="MTvSDOnod+KcwjGClTtjffWOLEo="></latexit><latexit sha1_base64="MTvSDOnod+KcwjGClTtjffWOLEo="></latexit>

hDj |H|Dji > ✏
<latexit sha1_base64="e/AdRDSDjS3vDrOv578l88Y7NN0=">AAACDHicbVDLSgMxFM34rPVVdekmWARXZUYEXUlRF11WsA/oDCWT3mljM5khyQhl2g9w46+4caGIWz/AnX9jOp2Fth5IOJxzLsk9fsyZ0rb9bS0tr6yurRc2iptb2zu7pb39pooSSaFBIx7Jtk8UcCagoZnm0I4lkNDn0PKH11O/9QBSsUjc6VEMXkj6ggWMEm2kbqnsciL6HPBN935cG5vblTPhErsQK8azlF2xM+BF4uSkjHLUu6UvtxfRJAShKSdKdRw71l5KpGaUw6ToJgpiQoekDx1DBQlBeWm2zAQfG6WHg0iaIzTO1N8TKQmVGoW+SYZED9S8NxX/8zqJDi68lIk40SDo7KEg4VhHeNoM7jEJVPORIYRKZv6K6YBIQrXpr2hKcOZXXiTN04pjV5zbs3L1Kq+jgA7RETpBDjpHVVRDddRAFD2iZ/SK3qwn68V6tz5m0SUrnzlAf2B9/gAQkZr7</latexit><latexit sha1_base64="e/AdRDSDjS3vDrOv578l88Y7NN0=">AAACDHicbVDLSgMxFM34rPVVdekmWARXZUYEXUlRF11WsA/oDCWT3mljM5khyQhl2g9w46+4caGIWz/AnX9jOp2Fth5IOJxzLsk9fsyZ0rb9bS0tr6yurRc2iptb2zu7pb39pooSSaFBIx7Jtk8UcCagoZnm0I4lkNDn0PKH11O/9QBSsUjc6VEMXkj6ggWMEm2kbqnsciL6HPBN935cG5vblTPhErsQK8azlF2xM+BF4uSkjHLUu6UvtxfRJAShKSdKdRw71l5KpGaUw6ToJgpiQoekDx1DBQlBeWm2zAQfG6WHg0iaIzTO1N8TKQmVGoW+SYZED9S8NxX/8zqJDi68lIk40SDo7KEg4VhHeNoM7jEJVPORIYRKZv6K6YBIQrXpr2hKcOZXXiTN04pjV5zbs3L1Kq+jgA7RETpBDjpHVVRDddRAFD2iZ/SK3qwn68V6tz5m0SUrnzlAf2B9/gAQkZr7</latexit><latexit sha1_base64="e/AdRDSDjS3vDrOv578l88Y7NN0=">AAACDHicbVDLSgMxFM34rPVVdekmWARXZUYEXUlRF11WsA/oDCWT3mljM5khyQhl2g9w46+4caGIWz/AnX9jOp2Fth5IOJxzLsk9fsyZ0rb9bS0tr6yurRc2iptb2zu7pb39pooSSaFBIx7Jtk8UcCagoZnm0I4lkNDn0PKH11O/9QBSsUjc6VEMXkj6ggWMEm2kbqnsciL6HPBN935cG5vblTPhErsQK8azlF2xM+BF4uSkjHLUu6UvtxfRJAShKSdKdRw71l5KpGaUw6ToJgpiQoekDx1DBQlBeWm2zAQfG6WHg0iaIzTO1N8TKQmVGoW+SYZED9S8NxX/8zqJDi68lIk40SDo7KEg4VhHeNoM7jEJVPORIYRKZv6K6YBIQrXpr2hKcOZXXiTN04pjV5zbs3L1Kq+jgA7RETpBDjpHVVRDddRAFD2iZ/SK3qwn68V6tz5m0SUrnzlAf2B9/gAQkZr7</latexit><latexit sha1_base64="e/AdRDSDjS3vDrOv578l88Y7NN0=">AAACDHicbVDLSgMxFM34rPVVdekmWARXZUYEXUlRF11WsA/oDCWT3mljM5khyQhl2g9w46+4caGIWz/AnX9jOp2Fth5IOJxzLsk9fsyZ0rb9bS0tr6yurRc2iptb2zu7pb39pooSSaFBIx7Jtk8UcCagoZnm0I4lkNDn0PKH11O/9QBSsUjc6VEMXkj6ggWMEm2kbqnsciL6HPBN935cG5vblTPhErsQK8azlF2xM+BF4uSkjHLUu6UvtxfRJAShKSdKdRw71l5KpGaUw6ToJgpiQoekDx1DBQlBeWm2zAQfG6WHg0iaIzTO1N8TKQmVGoW+SYZED9S8NxX/8zqJDi68lIk40SDo7KEg4VhHeNoM7jEJVPORIYRKZv6K6YBIQrXpr2hKcOZXXiTN04pjV5zbs3L1Kq+jgA7RETpBDjpHVVRDddRAFD2iZ/SK3qwn68V6tz5m0SUrnzlAf2B9/gAQkZr7</latexit>

Holmes, Tubman, Umrigar JCTC 12, 3674, (2016)



Trick 1 (trivial to screen arrays that are in 
descending order)

|Dii
<latexit sha1_base64="e57vCv4bzcdU60Om04Ye5PUsnro=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GNRDx4r2FpIQ9lsN+3SzSbsToQS+zO8eFDEq7/Gm//GbZuDtj4YeLw3w8y8MJXCoOt+O6WV1bX1jfJmZWt7Z3evun/QNkmmGW+xRCa6E1LDpVC8hQIl76Sa0ziU/CEcXU/9h0eujUjUPY5THsR0oEQkGEUr+U83PdHVVA0k71Vrbt2dgSwTryA1KNDsVb+6/YRlMVfIJDXG99wUg5xqFEzySaWbGZ5SNqID7luqaMxNkM9OnpATq/RJlGhbCslM/T2R09iYcRzazpji0Cx6U/E/z88wugxyodIMuWLzRVEmCSZk+j/pC80ZyrEllGlhbyVsSDVlaFOq2BC8xZeXSfus7rl17+681rgq4ijDERzDKXhwAQ24hSa0gEECz/AKbw46L8678zFvLTnFzCH8gfP5A1SEkUU=</latexit><latexit sha1_base64="e57vCv4bzcdU60Om04Ye5PUsnro=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GNRDx4r2FpIQ9lsN+3SzSbsToQS+zO8eFDEq7/Gm//GbZuDtj4YeLw3w8y8MJXCoOt+O6WV1bX1jfJmZWt7Z3evun/QNkmmGW+xRCa6E1LDpVC8hQIl76Sa0ziU/CEcXU/9h0eujUjUPY5THsR0oEQkGEUr+U83PdHVVA0k71Vrbt2dgSwTryA1KNDsVb+6/YRlMVfIJDXG99wUg5xqFEzySaWbGZ5SNqID7luqaMxNkM9OnpATq/RJlGhbCslM/T2R09iYcRzazpji0Cx6U/E/z88wugxyodIMuWLzRVEmCSZk+j/pC80ZyrEllGlhbyVsSDVlaFOq2BC8xZeXSfus7rl17+681rgq4ijDERzDKXhwAQ24hSa0gEECz/AKbw46L8678zFvLTnFzCH8gfP5A1SEkUU=</latexit><latexit sha1_base64="e57vCv4bzcdU60Om04Ye5PUsnro=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GNRDx4r2FpIQ9lsN+3SzSbsToQS+zO8eFDEq7/Gm//GbZuDtj4YeLw3w8y8MJXCoOt+O6WV1bX1jfJmZWt7Z3evun/QNkmmGW+xRCa6E1LDpVC8hQIl76Sa0ziU/CEcXU/9h0eujUjUPY5THsR0oEQkGEUr+U83PdHVVA0k71Vrbt2dgSwTryA1KNDsVb+6/YRlMVfIJDXG99wUg5xqFEzySaWbGZ5SNqID7luqaMxNkM9OnpATq/RJlGhbCslM/T2R09iYcRzazpji0Cx6U/E/z88wugxyodIMuWLzRVEmCSZk+j/pC80ZyrEllGlhbyVsSDVlaFOq2BC8xZeXSfus7rl17+681rgq4ijDERzDKXhwAQ24hSa0gEECz/AKbw46L8678zFvLTnFzCH8gfP5A1SEkUU=</latexit><latexit sha1_base64="e57vCv4bzcdU60Om04Ye5PUsnro=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GNRDx4r2FpIQ9lsN+3SzSbsToQS+zO8eFDEq7/Gm//GbZuDtj4YeLw3w8y8MJXCoOt+O6WV1bX1jfJmZWt7Z3evun/QNkmmGW+xRCa6E1LDpVC8hQIl76Sa0ziU/CEcXU/9h0eujUjUPY5THsR0oEQkGEUr+U83PdHVVA0k71Vrbt2dgSwTryA1KNDsVb+6/YRlMVfIJDXG99wUg5xqFEzySaWbGZ5SNqID7luqaMxNkM9OnpATq/RJlGhbCslM/T2R09iYcRzazpji0Cx6U/E/z88wugxyodIMuWLzRVEmCSZk+j/pC80ZyrEllGlhbyVsSDVlaFOq2BC8xZeXSfus7rl17+681rgq4ijDERzDKXhwAQ24hSa0gEECz/AKbw46L8678zFvLTnFzCH8gfP5A1SEkUU=</latexit>

|Dji
<latexit sha1_base64="r12z7h4K7SpVk0gQ7urqbop99D0=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GNRDx4r2A9IQ9lsJ+3azSbsboRS+zO8eFDEq7/Gm//GbZuDtj4YeLw3w8y8MBVcG9f9dgorq2vrG8XN0tb2zu5eef+gqZNMMWywRCSqHVKNgktsGG4EtlOFNA4FtsLh9dRvPaLSPJH3ZpRiENO+5BFn1FjJf7rpPnQUlX2B3XLFrbozkGXi5aQCOerd8lenl7AsRmmYoFr7npuaYEyV4UzgpNTJNKaUDWkffUsljVEH49nJE3JilR6JEmVLGjJTf0+Maaz1KA5tZ0zNQC96U/E/z89MdBmMuUwzg5LNF0WZICYh0/9JjytkRowsoUxxeythA6ooMzalkg3BW3x5mTTPqp5b9e7OK7WrPI4iHMExnIIHF1CDW6hDAxgk8Ayv8OYY58V5dz7mrQUnnzmEP3A+fwBWD5FG</latexit><latexit sha1_base64="r12z7h4K7SpVk0gQ7urqbop99D0=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GNRDx4r2A9IQ9lsJ+3azSbsboRS+zO8eFDEq7/Gm//GbZuDtj4YeLw3w8y8MBVcG9f9dgorq2vrG8XN0tb2zu5eef+gqZNMMWywRCSqHVKNgktsGG4EtlOFNA4FtsLh9dRvPaLSPJH3ZpRiENO+5BFn1FjJf7rpPnQUlX2B3XLFrbozkGXi5aQCOerd8lenl7AsRmmYoFr7npuaYEyV4UzgpNTJNKaUDWkffUsljVEH49nJE3JilR6JEmVLGjJTf0+Maaz1KA5tZ0zNQC96U/E/z89MdBmMuUwzg5LNF0WZICYh0/9JjytkRowsoUxxeythA6ooMzalkg3BW3x5mTTPqp5b9e7OK7WrPI4iHMExnIIHF1CDW6hDAxgk8Ayv8OYY58V5dz7mrQUnnzmEP3A+fwBWD5FG</latexit><latexit sha1_base64="r12z7h4K7SpVk0gQ7urqbop99D0=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GNRDx4r2A9IQ9lsJ+3azSbsboRS+zO8eFDEq7/Gm//GbZuDtj4YeLw3w8y8MBVcG9f9dgorq2vrG8XN0tb2zu5eef+gqZNMMWywRCSqHVKNgktsGG4EtlOFNA4FtsLh9dRvPaLSPJH3ZpRiENO+5BFn1FjJf7rpPnQUlX2B3XLFrbozkGXi5aQCOerd8lenl7AsRmmYoFr7npuaYEyV4UzgpNTJNKaUDWkffUsljVEH49nJE3JilR6JEmVLGjJTf0+Maaz1KA5tZ0zNQC96U/E/z89MdBmMuUwzg5LNF0WZICYh0/9JjytkRowsoUxxeythA6ooMzalkg3BW3x5mTTPqp5b9e7OK7WrPI4iHMExnIIHF1CDW6hDAxgk8Ayv8OYY58V5dz7mrQUnnzmEP3A+fwBWD5FG</latexit><latexit sha1_base64="r12z7h4K7SpVk0gQ7urqbop99D0=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GNRDx4r2A9IQ9lsJ+3azSbsboRS+zO8eFDEq7/Gm//GbZuDtj4YeLw3w8y8MBVcG9f9dgorq2vrG8XN0tb2zu5eef+gqZNMMWywRCSqHVKNgktsGG4EtlOFNA4FtsLh9dRvPaLSPJH3ZpRiENO+5BFn1FjJf7rpPnQUlX2B3XLFrbozkGXi5aQCOerd8lenl7AsRmmYoFr7npuaYEyV4UzgpNTJNKaUDWkffUsljVEH49nJE3JilR6JEmVLGjJTf0+Maaz1KA5tZ0zNQC96U/E/z89MdBmMuUwzg5LNF0WZICYh0/9JjytkRowsoUxxeythA6ooMzalkg3BW3x5mTTPqp5b9e7OK7WrPI4iHMExnIIHF1CDW6hDAxgk8Ayv8OYY58V5dz7mrQUnnzmEP3A+fwBWD5FG</latexit>

hDj |H|Dji > ✏1
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electrons in orbitals pq get excited to orbitals rs

hDj |H|Dii = hpq||rsi
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descending order by magnitude

pq ! {hpq||r1s1i, hpq||r2s2i, hpq||r3s3i, · · · }
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Used in FCIQMC

Used in VMC

Can Even make 
Hartree Fock faster
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Sabzevari, Sharma JCTC 14, 6276, (2018)



Basic procedure

H| 0i = E0| 0i For a small set of  “important” 
determinants upto 

(H0 � E0)| 1i = V | 0i Perform perturbative correction to 
the zeroth order wavefunction

✏1
How to quickly select determinants

How to overcome memory bottleneck

(we screen)

(we use stochastic method)



Trick II (Perturbation theory can be done 
stochastically)

h 0|V̂
1

Ĥ0 � E0

V̂ | 0i

h 0|V̂
1

Ĥ0 � E0

V̂ | 0i

E2 =

sample

Sharma, Holmes, Umrigar JCTC 13, 1595, (2017)



Trick II (Perturbation theory can be done 
stochastically)

h 0|V̂
1

Ĥ0 � E0

V̂ | 0i

h 0|V̂
1

Ĥ0 � E0

V̂ | 0i

E2 =

sample

Used in FCIQMC

Used in DMRG

Can be used to correct (almost) any 
variational calculation

Guo, Li, Chan JCP 148, 221104, (2018)

Blunt JCTC 15, 3537, (2019)



• No sign problem

• No auto-correlation length

• SHCI has only one parameter 

Overall method

✏1

Holmes, Umrigar, Sharma JCP 147, 164111, (2017)



• No sign problem

• No auto-correlation length

• SHCI has only one parameter 

Overall method

✏1

Holmes, Umrigar, Sharma JCP 147, 164111, (2017)
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Single point       - 1 Hour on 1Node
Hilbert Space    - 1021

Stochastic noise - 0.02 mH
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−1.6

−1.4

−1.2

−1

−0.8

−0.6

−0.4

−0.2

 0

 1.4  1.6  1.8  2  2.2  2.4  2.6  2.8  3  3.2

SHCI with 28 correlated electrons
E P

EC
 (e

V)

Bond Length (Å)

Exper Casey−Leopold
Exper Dattani

Chromium dimer

fitting the vibrational spectrum

Li, Yao, Holmes, Otten, Sun, Sharma, Umrigar PRR 2, 012015, (2020)

Li, Yao, Otten, Holmes, Sharma, Umrigar JCP 149, 214110, (2018)

Garnion, Scemama, Loos Caffarel JCP 147, 034101, (2017)



−1.6

−1.4

−1.2

−1

−0.8

−0.6

−0.4

−0.2

 0

 1.4  1.6  1.8  2  2.2  2.4  2.6  2.8  3  3.2

SHCI with 28 correlated electrons
E P

EC
 (e

V)

Bond Length (Å)

Exper Casey−Leopold
Exper Dattani

UCCSD(T)

Chromium dimer

UHF is not visible on the scale of the graph

Li, Yao, Holmes, Otten, Sun, Sharma, Umrigar PRR 2, 012015, (2020)



Chromium dimer
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Core ionized states (K-edge ionization)

X-ray

ionized 
electron

Le, Sharma (unpublished)



Core ionized states (K-edge ionization)

X-ray

ionized 
electron

Le, Sharma (unpublished)

Molecule IP(eV) Error 

N2 410.01 0.03

CH4 291.04 0.12

HCN* 406.61 0.12

HC*N 293.60 0.11

CO* 542.43 0.08



Core ionized states (K-edge ionization)

X-ray

ionized 
electron Molecule IP(eV) Error 

N2 410.01 0.03

CH4 291.04 0.12

HCN* 406.61 0.12

HC*N 293.60 0.11

CO* 542.43 0.08

These are resonance states and we are working towards calculating 
lifetimes.

The main goal is to study 
L-edge spectroscopy in transition

metal systems



Relativistic Hamiltonian

X

i

ĥD(i) +
1

2

X

i 6=j

ĝ(i, j) + VNN
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Relativistic Hamiltonian

X

i

ĥD(i) +
1

2

X

i 6=j

ĝ(i, j) + VNN
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4-components



Relativistic Hamiltonian

X

i

ĥD(i) +
1

2

X

i 6=j

ĝ(i, j) + VNN
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ĝ(i, j) =
1

rij|{z}
Coulomb

� ↵i · ↵j

rij| {z }
Gaunt

+

 
↵i · ↵j

2rij
� (↵i · rij)(↵j · rij)

2r3ij

!

| {z }
Breit
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• The size of the Hilbert space of the problem sharply increases

• The wavefunction becomes 4-component (or 2-component quantity)

• Important in, phosphorosence, magnetic spectroscopy etc.

• Comparable to electron correlation in heavy atoms



Bi2- h⌫ � eKE
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Photoionization spectrum
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Photoionization spectrum



State (10e, 8o) (10e,18o) Expt
1u 4457 4967 5480
2u 8918 8969 8245
0u- 8178 9884 9900

Photoionization spectrum

Wang, Sharma (unpublished)

Asthana, Liu, Cheng JCP, 150, 074102
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x2c scalar relativistic and SOC integrals from pyscf

Mussard et al JCTC 14, 154, (2018)

H + X2C (SOC) in single step 
(not QDPT/state-interaction)
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Smith et al JCTC 13, 5468, (2017)

Fe-porphyrin

Active space -  (44 e, 44o)

Fe-porphyrin

Mossbauer spectra indicates
Fe has S=1 state

(detects chemical shift in 
gamma-ray spectrum of nucleus)

Experimentally determined spin is S=1
Most theoretical methods have found S=2 as the ground state

Sample
Fe

Source
Fe

Gamma rays

doppler shift
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Active space -  (44 e, 44o)

Fe-porphyrin

Correct order



Smith et al JCTC 13, 5468, (2017)

Fe-porphyrin

Active space -  (44 e, 44o)

Fe-porphyrin

Correct order

Atom with ligands

low spin vs high spin

Virtual excitations



Dynamic Correlation

Ankit Mahajan Nick Blunt



Larger virtual spaces

SHCI runs out of steam

Virtual

Active



Internal contraction

Virtual

Active
X

T pq
abE

ab
pq | 0i

X
T pq
raE

ar
pq | 0i

SHCI runs out of steam
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Perturbation theory NEVPT2

require up to 3 and 4 reduced density matricesEl
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Angeli et al JCP 114, 10252, (2001)
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Internal contraction 
double excitation

H0 ! V
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rs E

rs
pq 4 active indices

2 active indices

8 active indices

Naive application of Wick’s theorem would require 4 RDM

But        is an eigenfunction of       , only 3 RDMs required| 0i H0

40 orbitals   32 Gb

| li = Eab
pq | 0i
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El = h l|H0| li
<latexit sha1_base64="JEScS8OlZ7TdzEZEPS72UDh9kmE=">AAACDXicbZDLSsNAFIYnXmu9RV26GayCq5KIoBuhKEKXFewFmhAm09N26GQSZiZCafsCbnwVNy4UcevenW/jNM1CW38Y+PjPOZw5f5hwprTjfFtLyyura+uFjeLm1vbOrr2331BxKinUacxj2QqJAs4E1DXTHFqJBBKFHJrh4GZabz6AVCwW93qYgB+RnmBdRok2VmAf3wb8yuNE9Dh4NcUCPq4GzniGnsx8HNglp+xkwovg5lBCuWqB/eV1YppGIDTlRKm26yTaHxGpGeUwKXqpgoTQAelB26AgESh/lF0zwSfG6eBuLM0TGmfu74kRiZQaRqHpjIjuq/na1Pyv1k5199IfMZGkGgSdLeqmHOsYT6PBHSaBaj40QKhk5q+Y9okkVJsAiyYEd/7kRWiclV2n7N6dlyrXeRwFdIiO0Cly0QWqoCqqoTqi6BE9o1f0Zj1ZL9a79TFrXbLymQP0R9bnDydom5k=</latexit><latexit sha1_base64="JEScS8OlZ7TdzEZEPS72UDh9kmE=">AAACDXicbZDLSsNAFIYnXmu9RV26GayCq5KIoBuhKEKXFewFmhAm09N26GQSZiZCafsCbnwVNy4UcevenW/jNM1CW38Y+PjPOZw5f5hwprTjfFtLyyura+uFjeLm1vbOrr2331BxKinUacxj2QqJAs4E1DXTHFqJBBKFHJrh4GZabz6AVCwW93qYgB+RnmBdRok2VmAf3wb8yuNE9Dh4NcUCPq4GzniGnsx8HNglp+xkwovg5lBCuWqB/eV1YppGIDTlRKm26yTaHxGpGeUwKXqpgoTQAelB26AgESh/lF0zwSfG6eBuLM0TGmfu74kRiZQaRqHpjIjuq/na1Pyv1k5199IfMZGkGgSdLeqmHOsYT6PBHSaBaj40QKhk5q+Y9okkVJsAiyYEd/7kRWiclV2n7N6dlyrXeRwFdIiO0Cly0QWqoCqqoTqi6BE9o1f0Zj1ZL9a79TFrXbLymQP0R9bnDydom5k=</latexit><latexit sha1_base64="JEScS8OlZ7TdzEZEPS72UDh9kmE=">AAACDXicbZDLSsNAFIYnXmu9RV26GayCq5KIoBuhKEKXFewFmhAm09N26GQSZiZCafsCbnwVNy4UcevenW/jNM1CW38Y+PjPOZw5f5hwprTjfFtLyyura+uFjeLm1vbOrr2331BxKinUacxj2QqJAs4E1DXTHFqJBBKFHJrh4GZabz6AVCwW93qYgB+RnmBdRok2VmAf3wb8yuNE9Dh4NcUCPq4GzniGnsx8HNglp+xkwovg5lBCuWqB/eV1YppGIDTlRKm26yTaHxGpGeUwKXqpgoTQAelB26AgESh/lF0zwSfG6eBuLM0TGmfu74kRiZQaRqHpjIjuq/na1Pyv1k5199IfMZGkGgSdLeqmHOsYT6PBHSaBaj40QKhk5q+Y9okkVJsAiyYEd/7kRWiclV2n7N6dlyrXeRwFdIiO0Cly0QWqoCqqoTqi6BE9o1f0Zj1ZL9a79TFrXbLymQP0R9bnDydom5k=</latexit><latexit sha1_base64="JEScS8OlZ7TdzEZEPS72UDh9kmE=">AAACDXicbZDLSsNAFIYnXmu9RV26GayCq5KIoBuhKEKXFewFmhAm09N26GQSZiZCafsCbnwVNy4UcevenW/jNM1CW38Y+PjPOZw5f5hwprTjfFtLyyura+uFjeLm1vbOrr2331BxKinUacxj2QqJAs4E1DXTHFqJBBKFHJrh4GZabz6AVCwW93qYgB+RnmBdRok2VmAf3wb8yuNE9Dh4NcUCPq4GzniGnsx8HNglp+xkwovg5lBCuWqB/eV1YppGIDTlRKm26yTaHxGpGeUwKXqpgoTQAelB26AgESh/lF0zwSfG6eBuLM0TGmfu74kRiZQaRqHpjIjuq/na1Pyv1k5199IfMZGkGgSdLeqmHOsYT6PBHSaBaj40QKhk5q+Y9okkVJsAiyYEd/7kRWiclV2n7N6dlyrXeRwFdIiO0Cly0QWqoCqqoTqi6BE9o1f0Zj1ZL9a79TFrXbLymQP0R9bnDydom5k=</latexit>
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h l| li
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=hEL[n]i⇢n
<latexit sha1_base64="t4u+LB5nWpPGXbq8BkvehUNKVkQ="></latexit><latexit sha1_base64="t4u+LB5nWpPGXbq8BkvehUNKVkQ="></latexit><latexit sha1_base64="t4u+LB5nWpPGXbq8BkvehUNKVkQ="></latexit><latexit sha1_base64="t4u+LB5nWpPGXbq8BkvehUNKVkQ="></latexit>

E2 =
X

l

|h l|V |�0i|2

E0 � El
<latexit sha1_base64="ZsXr++roTJ/63bfFWQ4DySt6F1s="></latexit><latexit sha1_base64="ZsXr++roTJ/63bfFWQ4DySt6F1s="></latexit><latexit sha1_base64="ZsXr++roTJ/63bfFWQ4DySt6F1s="></latexit><latexit sha1_base64="ZsXr++roTJ/63bfFWQ4DySt6F1s="></latexit>

Perturbation theory NEVPT2

require up to 3 and 4 reduced density matricesEl
<latexit sha1_base64="0JSe5ofpabhZbNCZ6fS8JdJRvEM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiCB4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCopeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPxzcxvP6HSPJaPZpKgH9Gh5CFn1Fjp4bYv+uWKW3XnIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NTp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8MrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbQuqp5b9e4vK/XrPI4inMApnIMHNajDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwAXao2o</latexit><latexit sha1_base64="0JSe5ofpabhZbNCZ6fS8JdJRvEM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiCB4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCopeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPxzcxvP6HSPJaPZpKgH9Gh5CFn1Fjp4bYv+uWKW3XnIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NTp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8MrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbQuqp5b9e4vK/XrPI4inMApnIMHNajDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwAXao2o</latexit><latexit sha1_base64="0JSe5ofpabhZbNCZ6fS8JdJRvEM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiCB4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCopeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPxzcxvP6HSPJaPZpKgH9Gh5CFn1Fjp4bYv+uWKW3XnIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NTp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8MrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbQuqp5b9e4vK/XrPI4inMApnIMHNajDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwAXao2o</latexit><latexit sha1_base64="0JSe5ofpabhZbNCZ6fS8JdJRvEM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiCB4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCopeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPxzcxvP6HSPJaPZpKgH9Gh5CFn1Fjp4bYv+uWKW3XnIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NTp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8MrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbQuqp5b9e4vK/XrPI4inMApnIMHNajDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwAXao2o</latexit>

⇢n
<latexit sha1_base64="1NeVVaOBPvrl+Zj6xIlK2QQrcEA=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNrh6pnuyVK37Vn4OskiAnFchR75W/un3F0hilZYIa0wn8xIYZ1ZYzgdNSNzWYUDamQ+w4KmmMJszm107JmVP6ZKC0K2nJXP09kdHYmEkcuc6Y2pFZ9mbif14ntYPrMOMySS1Ktlg0SAWxisxeJ32ukVkxcYQyzd2thI2opsy6gEouhGD55VXSvKgGfjW4v6zUbvI4inACp3AOAVxBDe6gDg1g8AjP8ApvnvJevHfvY9Fa8PKZY/gD7/MHo+6PKA==</latexit><latexit sha1_base64="1NeVVaOBPvrl+Zj6xIlK2QQrcEA=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNrh6pnuyVK37Vn4OskiAnFchR75W/un3F0hilZYIa0wn8xIYZ1ZYzgdNSNzWYUDamQ+w4KmmMJszm107JmVP6ZKC0K2nJXP09kdHYmEkcuc6Y2pFZ9mbif14ntYPrMOMySS1Ktlg0SAWxisxeJ32ukVkxcYQyzd2thI2opsy6gEouhGD55VXSvKgGfjW4v6zUbvI4inACp3AOAVxBDe6gDg1g8AjP8ApvnvJevHfvY9Fa8PKZY/gD7/MHo+6PKA==</latexit><latexit sha1_base64="1NeVVaOBPvrl+Zj6xIlK2QQrcEA=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNrh6pnuyVK37Vn4OskiAnFchR75W/un3F0hilZYIa0wn8xIYZ1ZYzgdNSNzWYUDamQ+w4KmmMJszm107JmVP6ZKC0K2nJXP09kdHYmEkcuc6Y2pFZ9mbif14ntYPrMOMySS1Ktlg0SAWxisxeJ32ukVkxcYQyzd2thI2opsy6gEouhGD55VXSvKgGfjW4v6zUbvI4inACp3AOAVxBDe6gDg1g8AjP8ApvnvJevHfvY9Fa8PKZY/gD7/MHo+6PKA==</latexit><latexit sha1_base64="1NeVVaOBPvrl+Zj6xIlK2QQrcEA=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNrh6pnuyVK37Vn4OskiAnFchR75W/un3F0hilZYIa0wn8xIYZ1ZYzgdNSNzWYUDamQ+w4KmmMJszm107JmVP6ZKC0K2nJXP09kdHYmEkcuc6Y2pFZ9mbif14ntYPrMOMySS1Ktlg0SAWxisxeJ32ukVkxcYQyzd2thI2opsy6gEouhGD55VXSvKgGfjW4v6zUbvI4inACp3AOAVxBDe6gDg1g8AjP8ApvnvJevHfvY9Fa8PKZY/gD7/MHo+6PKA==</latexit>

EL[n]
<latexit sha1_base64="OhP8xq65yOqGBMQm66v+Moqx8fQ=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GNRBA8eKtgPSEPZbDft2s1u2N0IIfQ/ePGgiFf/jzf/jds2B219MPB4b4aZeWHCmTau++2UVlbX1jfKm5Wt7Z3dver+QVvLVBHaIpJL1Q2xppwJ2jLMcNpNFMVxyGknHF9P/c4TVZpJ8WCyhAYxHgoWMYKNldo3/TtfBP1qza27M6Bl4hWkBgWa/epXbyBJGlNhCMda+56bmCDHyjDC6aTSSzVNMBnjIfUtFTimOshn107QiVUGKJLKljBopv6eyHGsdRaHtjPGZqQXvan4n+enJroMciaS1FBB5ouilCMj0fR1NGCKEsMzSzBRzN6KyAgrTIwNqGJD8BZfXibts7rn1r3781rjqoijDEdwDKfgwQU04Baa0AICj/AMr/DmSOfFeXc+5q0lp5g5hD9wPn8AF1KOzA==</latexit><latexit sha1_base64="OhP8xq65yOqGBMQm66v+Moqx8fQ=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GNRBA8eKtgPSEPZbDft2s1u2N0IIfQ/ePGgiFf/jzf/jds2B219MPB4b4aZeWHCmTau++2UVlbX1jfKm5Wt7Z3dver+QVvLVBHaIpJL1Q2xppwJ2jLMcNpNFMVxyGknHF9P/c4TVZpJ8WCyhAYxHgoWMYKNldo3/TtfBP1qza27M6Bl4hWkBgWa/epXbyBJGlNhCMda+56bmCDHyjDC6aTSSzVNMBnjIfUtFTimOshn107QiVUGKJLKljBopv6eyHGsdRaHtjPGZqQXvan4n+enJroMciaS1FBB5ouilCMj0fR1NGCKEsMzSzBRzN6KyAgrTIwNqGJD8BZfXibts7rn1r3781rjqoijDEdwDKfgwQU04Baa0AICj/AMr/DmSOfFeXc+5q0lp5g5hD9wPn8AF1KOzA==</latexit><latexit sha1_base64="OhP8xq65yOqGBMQm66v+Moqx8fQ=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GNRBA8eKtgPSEPZbDft2s1u2N0IIfQ/ePGgiFf/jzf/jds2B219MPB4b4aZeWHCmTau++2UVlbX1jfKm5Wt7Z3dver+QVvLVBHaIpJL1Q2xppwJ2jLMcNpNFMVxyGknHF9P/c4TVZpJ8WCyhAYxHgoWMYKNldo3/TtfBP1qza27M6Bl4hWkBgWa/epXbyBJGlNhCMda+56bmCDHyjDC6aTSSzVNMBnjIfUtFTimOshn107QiVUGKJLKljBopv6eyHGsdRaHtjPGZqQXvan4n+enJroMciaS1FBB5ouilCMj0fR1NGCKEsMzSzBRzN6KyAgrTIwNqGJD8BZfXibts7rn1r3781rjqoijDEdwDKfgwQU04Baa0AICj/AMr/DmSOfFeXc+5q0lp5g5hD9wPn8AF1KOzA==</latexit><latexit sha1_base64="OhP8xq65yOqGBMQm66v+Moqx8fQ=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GNRBA8eKtgPSEPZbDft2s1u2N0IIfQ/ePGgiFf/jzf/jds2B219MPB4b4aZeWHCmTau++2UVlbX1jfKm5Wt7Z3dver+QVvLVBHaIpJL1Q2xppwJ2jLMcNpNFMVxyGknHF9P/c4TVZpJ8WCyhAYxHgoWMYKNldo3/TtfBP1qza27M6Bl4hWkBgWa/epXbyBJGlNhCMda+56bmCDHyjDC6aTSSzVNMBnjIfUtFTimOshn107QiVUGKJLKljBopv6eyHGsdRaHtjPGZqQXvan4n+enJroMciaS1FBB5ouilCMj0fR1NGCKEsMzSzBRzN6KyAgrTIwNqGJD8BZfXibts7rn1r3781rjqoijDEdwDKfgwQU04Baa0AICj/AMr/DmSOfFeXc+5q0lp5g5hD9wPn8AF1KOzA==</latexit>Mahajan, Blunt, Sabzevari, Sharma JCP 151, 21102, (2019)
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Mahajan, Blunt, Sabzevari, Sharma JCP 151, 21102, (2019)

Scaling with virtual orbitals

El =
h l|H0| li
h l| li

<latexit sha1_base64="SR8q6d1HjH4Y0c09599k9A3KVKg=">AAACMHicbVDLSsNAFL2pr1pfUZdugkVwVRIRdCMUReyygn1AU8JkOmmHTiZhZiKUtJ/kxk/RjYIibv0Kp2kWtvXAwOGcc2fmHj9mVCrbfjcKK6tr6xvFzdLW9s7unrl/0JRRIjBp4IhFou0jSRjlpKGoYqQdC4JCn5GWP7yZ+q1HIiSN+IMaxaQboj6nAcVIackz7249duUGAuHUZYj3GXHrknpsXPPs8Yy6ItMnC4F50zPLdsXOYC0TJydlyFH3zBe3F+EkJFxhhqTsOHasuikSimJ9X8lNJIkRHqI+6WjKUUhkN80WnlgnWulZQST04crK1L8TKQqlHIW+ToZIDeSiNxX/8zqJCi67KeVxogjHs4eChFkqsqbtWT0qCFZspAnCguq/WniAdHtKd1zSJTiLKy+T5lnFsSvO/Xm5ep3XUYQjOIZTcOACqlCDOjQAwxO8wgd8Gs/Gm/FlfM+iBSOfOYQ5GD+/LzGrhQ==</latexit><latexit sha1_base64="SR8q6d1HjH4Y0c09599k9A3KVKg=">AAACMHicbVDLSsNAFL2pr1pfUZdugkVwVRIRdCMUReyygn1AU8JkOmmHTiZhZiKUtJ/kxk/RjYIibv0Kp2kWtvXAwOGcc2fmHj9mVCrbfjcKK6tr6xvFzdLW9s7unrl/0JRRIjBp4IhFou0jSRjlpKGoYqQdC4JCn5GWP7yZ+q1HIiSN+IMaxaQboj6nAcVIackz7249duUGAuHUZYj3GXHrknpsXPPs8Yy6ItMnC4F50zPLdsXOYC0TJydlyFH3zBe3F+EkJFxhhqTsOHasuikSimJ9X8lNJIkRHqI+6WjKUUhkN80WnlgnWulZQST04crK1L8TKQqlHIW+ToZIDeSiNxX/8zqJCi67KeVxogjHs4eChFkqsqbtWT0qCFZspAnCguq/WniAdHtKd1zSJTiLKy+T5lnFsSvO/Xm5ep3XUYQjOIZTcOACqlCDOjQAwxO8wgd8Gs/Gm/FlfM+iBSOfOYQ5GD+/LzGrhQ==</latexit><latexit sha1_base64="SR8q6d1HjH4Y0c09599k9A3KVKg=">AAACMHicbVDLSsNAFL2pr1pfUZdugkVwVRIRdCMUReyygn1AU8JkOmmHTiZhZiKUtJ/kxk/RjYIibv0Kp2kWtvXAwOGcc2fmHj9mVCrbfjcKK6tr6xvFzdLW9s7unrl/0JRRIjBp4IhFou0jSRjlpKGoYqQdC4JCn5GWP7yZ+q1HIiSN+IMaxaQboj6nAcVIackz7249duUGAuHUZYj3GXHrknpsXPPs8Yy6ItMnC4F50zPLdsXOYC0TJydlyFH3zBe3F+EkJFxhhqTsOHasuikSimJ9X8lNJIkRHqI+6WjKUUhkN80WnlgnWulZQST04crK1L8TKQqlHIW+ToZIDeSiNxX/8zqJCi67KeVxogjHs4eChFkqsqbtWT0qCFZspAnCguq/WniAdHtKd1zSJTiLKy+T5lnFsSvO/Xm5ep3XUYQjOIZTcOACqlCDOjQAwxO8wgd8Gs/Gm/FlfM+iBSOfOYQ5GD+/LzGrhQ==</latexit><latexit sha1_base64="SR8q6d1HjH4Y0c09599k9A3KVKg=">AAACMHicbVDLSsNAFL2pr1pfUZdugkVwVRIRdCMUReyygn1AU8JkOmmHTiZhZiKUtJ/kxk/RjYIibv0Kp2kWtvXAwOGcc2fmHj9mVCrbfjcKK6tr6xvFzdLW9s7unrl/0JRRIjBp4IhFou0jSRjlpKGoYqQdC4JCn5GWP7yZ+q1HIiSN+IMaxaQboj6nAcVIackz7249duUGAuHUZYj3GXHrknpsXPPs8Yy6ItMnC4F50zPLdsXOYC0TJydlyFH3zBe3F+EkJFxhhqTsOHasuikSimJ9X8lNJIkRHqI+6WjKUUhkN80WnlgnWulZQST04crK1L8TKQqlHIW+ToZIDeSiNxX/8zqJCi67KeVxogjHs4eChFkqsqbtWT0qCFZspAnCguq/WniAdHtKd1zSJTiLKy+T5lnFsSvO/Xm5ep3XUYQjOIZTcOACqlCDOjQAwxO8wgd8Gs/Gm/FlfM+iBSOfOYQ5GD+/LzGrhQ==</latexit>
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Roughly scales linearly with 
virtual space for a fixed active space
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Scaling with virtual orbitals
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# dets E0 E0+NEVPT2

11,563 -616.206 -617.435

235,090 -616.234 -617.438

626,661 -616.239 -617.438

6,414,554 -616.243 -617.438

Scaling with active space ~ n8 (probably can reduce to n5)

Shortcoming of reference state
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44 core
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44 core
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~330 virtuals
(DZ basis)

Sampling efficiency
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Sampling efficiency

44 core
(32e, 29o)

~330 virtuals
(DZ basis)

20 hrs - 1 node
5 hrs - 4 node

CPU cost

Sampling efficiency
107 out of 1012 determinants visited
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