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Holographic complexity proposals
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    ~ Volume of codim-1
max volume bulk slice

CV
<latexit sha1_base64="yltBqzk/Dm3W+BwptubuWE/TSDM=">AAAB83icdVDLSsNAFJ3UV62vqks3g0VwFSZppc1GCt24rGAf0IQymU7aoZNJmJkIJfQ33LhQxK0/486/cfoQVPTAhcM593LvPWHKmdIIfViFjc2t7Z3ibmlv/+DwqHx80lVJJgntkIQnsh9iRTkTtKOZ5rSfSorjkNNeOG0t/N49lYol4k7PUhrEeCxYxAjWRvJzn2AOW/Nh3p0PyxVkex5CrgeRXatXPadhCKq6V24DOjZaogLWaA/L7/4oIVlMhSYcKzVwUKqDHEvNCKfzkp8pmmIyxWM6MFTgmKogX948hxdGGcEokaaEhkv1+0SOY6VmcWg6Y6wn6re3EP/yBpmOGkHORJppKshqUZRxqBO4CACOmKRE85khmEhmboVkgiUm2sRUMiF8fQr/J13XdpDt3NYqzet1HEVwBs7BJXBAHTTBDWiDDiAgBQ/gCTxbmfVovVivq9aCtZ45BT9gvX0CRHiR0w==</latexit><latexit sha1_base64="yltBqzk/Dm3W+BwptubuWE/TSDM=">AAAB83icdVDLSsNAFJ3UV62vqks3g0VwFSZppc1GCt24rGAf0IQymU7aoZNJmJkIJfQ33LhQxK0/486/cfoQVPTAhcM593LvPWHKmdIIfViFjc2t7Z3ibmlv/+DwqHx80lVJJgntkIQnsh9iRTkTtKOZ5rSfSorjkNNeOG0t/N49lYol4k7PUhrEeCxYxAjWRvJzn2AOW/Nh3p0PyxVkex5CrgeRXatXPadhCKq6V24DOjZaogLWaA/L7/4oIVlMhSYcKzVwUKqDHEvNCKfzkp8pmmIyxWM6MFTgmKogX948hxdGGcEokaaEhkv1+0SOY6VmcWg6Y6wn6re3EP/yBpmOGkHORJppKshqUZRxqBO4CACOmKRE85khmEhmboVkgiUm2sRUMiF8fQr/J13XdpDt3NYqzet1HEVwBs7BJXBAHTTBDWiDDiAgBQ/gCTxbmfVovVivq9aCtZ45BT9gvX0CRHiR0w==</latexit><latexit sha1_base64="yltBqzk/Dm3W+BwptubuWE/TSDM=">AAAB83icdVDLSsNAFJ3UV62vqks3g0VwFSZppc1GCt24rGAf0IQymU7aoZNJmJkIJfQ33LhQxK0/486/cfoQVPTAhcM593LvPWHKmdIIfViFjc2t7Z3ibmlv/+DwqHx80lVJJgntkIQnsh9iRTkTtKOZ5rSfSorjkNNeOG0t/N49lYol4k7PUhrEeCxYxAjWRvJzn2AOW/Nh3p0PyxVkex5CrgeRXatXPadhCKq6V24DOjZaogLWaA/L7/4oIVlMhSYcKzVwUKqDHEvNCKfzkp8pmmIyxWM6MFTgmKogX948hxdGGcEokaaEhkv1+0SOY6VmcWg6Y6wn6re3EP/yBpmOGkHORJppKshqUZRxqBO4CACOmKRE85khmEhmboVkgiUm2sRUMiF8fQr/J13XdpDt3NYqzet1HEVwBs7BJXBAHTTBDWiDDiAgBQ/gCTxbmfVovVivq9aCtZ45BT9gvX0CRHiR0w==</latexit><latexit sha1_base64="yltBqzk/Dm3W+BwptubuWE/TSDM=">AAAB83icdVDLSsNAFJ3UV62vqks3g0VwFSZppc1GCt24rGAf0IQymU7aoZNJmJkIJfQ33LhQxK0/486/cfoQVPTAhcM593LvPWHKmdIIfViFjc2t7Z3ibmlv/+DwqHx80lVJJgntkIQnsh9iRTkTtKOZ5rSfSorjkNNeOG0t/N49lYol4k7PUhrEeCxYxAjWRvJzn2AOW/Nh3p0PyxVkex5CrgeRXatXPadhCKq6V24DOjZaogLWaA/L7/4oIVlMhSYcKzVwUKqDHEvNCKfzkp8pmmIyxWM6MFTgmKogX948hxdGGcEokaaEhkv1+0SOY6VmcWg6Y6wn6re3EP/yBpmOGkHORJppKshqUZRxqBO4CACOmKRE85khmEhmboVkgiUm2sRUMiF8fQr/J13XdpDt3NYqzet1HEVwBs7BJXBAHTTBDWiDDiAgBQ/gCTxbmfVovVivq9aCtZ45BT9gvX0CRHiR0w==</latexit>

    ~ Action in codim-0
bulk region with null bdries
CA

<latexit sha1_base64="2nZ/9qZvC+D5JDkKqrCV8Mn5jHk=">AAAB83icdVDLSsNAFJ3UV62vqks3g0VwFSZiNNlIpRuXFewDmlAm00k7dDIJMxOhhP6GGxeKuPVn3Pk3Th+Cih64cDjnXu69J8o4UxqhD6u0srq2vlHerGxt7+zuVfcP2irNJaEtkvJUdiOsKGeCtjTTnHYzSXEScdqJxo2Z37mnUrFU3OlJRsMEDwWLGcHaSEEREMxhY9ovrqf9ag3ZF66HfASR7freueMa4vue77vQsdEcNbBEs199DwYpyRMqNOFYqZ6DMh0WWGpGOJ1WglzRDJMxHtKeoQInVIXF/OYpPDHKAMapNCU0nKvfJwqcKDVJItOZYD1Sv72Z+JfXy3XshQUTWa6pIItFcc6hTuEsADhgkhLNJ4ZgIpm5FZIRlphoE1PFhPD1KfyftM9sB9nO7XmtfrWMowyOwDE4BQ64BHVwA5qgBQjIwAN4As9Wbj1aL9brorVkLWcOwQ9Yb59MOZHa</latexit><latexit sha1_base64="2nZ/9qZvC+D5JDkKqrCV8Mn5jHk=">AAAB83icdVDLSsNAFJ3UV62vqks3g0VwFSZiNNlIpRuXFewDmlAm00k7dDIJMxOhhP6GGxeKuPVn3Pk3Th+Cih64cDjnXu69J8o4UxqhD6u0srq2vlHerGxt7+zuVfcP2irNJaEtkvJUdiOsKGeCtjTTnHYzSXEScdqJxo2Z37mnUrFU3OlJRsMEDwWLGcHaSEEREMxhY9ovrqf9ag3ZF66HfASR7freueMa4vue77vQsdEcNbBEs199DwYpyRMqNOFYqZ6DMh0WWGpGOJ1WglzRDJMxHtKeoQInVIXF/OYpPDHKAMapNCU0nKvfJwqcKDVJItOZYD1Sv72Z+JfXy3XshQUTWa6pIItFcc6hTuEsADhgkhLNJ4ZgIpm5FZIRlphoE1PFhPD1KfyftM9sB9nO7XmtfrWMowyOwDE4BQ64BHVwA5qgBQjIwAN4As9Wbj1aL9brorVkLWcOwQ9Yb59MOZHa</latexit><latexit sha1_base64="2nZ/9qZvC+D5JDkKqrCV8Mn5jHk=">AAAB83icdVDLSsNAFJ3UV62vqks3g0VwFSZiNNlIpRuXFewDmlAm00k7dDIJMxOhhP6GGxeKuPVn3Pk3Th+Cih64cDjnXu69J8o4UxqhD6u0srq2vlHerGxt7+zuVfcP2irNJaEtkvJUdiOsKGeCtjTTnHYzSXEScdqJxo2Z37mnUrFU3OlJRsMEDwWLGcHaSEEREMxhY9ovrqf9ag3ZF66HfASR7freueMa4vue77vQsdEcNbBEs199DwYpyRMqNOFYqZ6DMh0WWGpGOJ1WglzRDJMxHtKeoQInVIXF/OYpPDHKAMapNCU0nKvfJwqcKDVJItOZYD1Sv72Z+JfXy3XshQUTWa6pIItFcc6hTuEsADhgkhLNJ4ZgIpm5FZIRlphoE1PFhPD1KfyftM9sB9nO7XmtfrWMowyOwDE4BQ64BHVwA5qgBQjIwAN4As9Wbj1aL9brorVkLWcOwQ9Yb59MOZHa</latexit><latexit sha1_base64="2nZ/9qZvC+D5JDkKqrCV8Mn5jHk=">AAAB83icdVDLSsNAFJ3UV62vqks3g0VwFSZiNNlIpRuXFewDmlAm00k7dDIJMxOhhP6GGxeKuPVn3Pk3Th+Cih64cDjnXu69J8o4UxqhD6u0srq2vlHerGxt7+zuVfcP2irNJaEtkvJUdiOsKGeCtjTTnHYzSXEScdqJxo2Z37mnUrFU3OlJRsMEDwWLGcHaSEEREMxhY9ovrqf9ag3ZF66HfASR7freueMa4vue77vQsdEcNbBEs199DwYpyRMqNOFYqZ6DMh0WWGpGOJ1WglzRDJMxHtKeoQInVIXF/OYpPDHKAMapNCU0nKvfJwqcKDVJItOZYD1Sv72Z+JfXy3XshQUTWa6pIItFcc6hTuEsADhgkhLNJ4ZgIpm5FZIRlphoE1PFhPD1KfyftM9sB9nO7XmtfrWMowyOwDE4BQ64BHVwA5qgBQjIwAN4As9Wbj1aL9brorVkLWcOwQ9Yb59MOZHa</latexit>

What do holography complexity proposals stand for in hQFT?

1402.5674 by Susskind,  …, 1509.07876 by Brown et al., …



How to define complexity in QFT?
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The approach that naturally applies to QFTs comes from                           :quant-ph/0502070 by Nielsen

x
<latexit sha1_base64="5N5vXGU2TJ3AeihCnWvyr/37MPg=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexGQfEU8OIxAfOAZAmzk95kzOzsMjMrhpAv8OJBEa9+kjf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3c781iMqzWN5b8YJ+hEdSB5yRo2V6k+9Ysktu3OQVeJlpAQZar3iV7cfszRCaZigWnc8NzH+hCrDmcBpoZtqTCgb0QF2LJU0Qu1P5odOyZlV+iSMlS1pyFz9PTGhkdbjKLCdETVDvezNxP+8TmrCa3/CZZIalGyxKEwFMTGZfU36XCEzYmwJZYrbWwkbUkWZsdkUbAje8surpFkpexflSv2yVL3J4sjDCZzCOXhwBVW4gxo0gAHCM7zCm/PgvDjvzseiNedkM8fwB87nD+UfjPg=</latexit>

y
<latexit sha1_base64="pKu1P9BPEULi1aABwnC9ZTI1IB4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoHgqePHYgq2FNpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewtr6xuVXcLu3s7u0flA+P2jpOFcMWi0WsOgHVKLjEluFGYCdRSKNA4EMwvp35D0+oNI/lvZkk6Ed0KHnIGTVWak765Ypbdecgq8TLSQVyNPrlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtGtV76Jaa15W6jd5HEU4gVM4Bw+uoA530IAWMEB4hld4cx6dF+fd+Vi0Fpx85hj+wPn8AeajjPk=</latexit>

z
<latexit sha1_base64="tFgTaNRapgsT3naA3D48AqBgMBo=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexGQfEU8OIxAfOAZAmzk95kzOzsMjMrxJAv8OJBEa9+kjf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3c781iMqzWN5b8YJ+hEdSB5yRo2V6k+9Ysktu3OQVeJlpAQZar3iV7cfszRCaZigWnc8NzH+hCrDmcBpoZtqTCgb0QF2LJU0Qu1P5odOyZlV+iSMlS1pyFz9PTGhkdbjKLCdETVDvezNxP+8TmrCa3/CZZIalGyxKEwFMTGZfU36XCEzYmwJZYrbWwkbUkWZsdkUbAje8surpFkpexflSv2yVL3J4sjDCZzCOXhwBVW4gxo0gAHCM7zCm/PgvDjvzseiNedkM8fwB87nD+gnjPo=</latexit>

|Ri
<latexit sha1_base64="qgWn3vfhyOkDnnV/Q1JpNiay9VA=">AAAB8HicdVDLSgMxFM3UV62vqks3wSK4GjKtj+qq4MZlFfuQdiiZNG1Dk8yQZIQy9ivcuFDErZ/jzr8xnY6gogcuHM65l3vvCSLOtEHow8ktLC4tr+RXC2vrG5tbxe2dpg5jRWiDhDxU7QBrypmkDcMMp+1IUSwCTlvB+GLmt+6o0iyUN2YSUV/goWQDRrCx0u39dVdhOeS0Vywh9xh5ZycIIhelSEnVq3jQy5QSyFDvFd+7/ZDEgkpDONa646HI+AlWhhFOp4VurGmEyRgPacdSiQXVfpIePIUHVunDQahsSQNT9ftEgoXWExHYToHNSP/2ZuJfXic2g6qfMBnFhkoyXzSIOTQhnH0P+0xRYvjEEkwUs7dCMsIKE2MzKtgQvj6F/5Nm2fUqbvnqqFQ7z+LIgz2wDw6BB05BDVyCOmgAAgR4AE/g2VHOo/PivM5bc042swt+wHn7BBoNkJU=</latexit>

|T i
<latexit sha1_base64="VTaQkdlHRVb2ofcURkZJzxDVSzs=">AAAB8HicdVDLSgMxFM3UV62vqks3wSK4KkkV27oquHFZoS9ph5JJM21okhmSjFBqv8KNC0Xc+jnu/BszbQUVPXDhcM693HtPEAtuLEIfXmZldW19I7uZ29re2d3L7x+0TJRoypo0EpHuBMQwwRVrWm4F68SaERkI1g7GV6nfvmPa8Eg17CRmviRDxUNOiXXS7X2jp4kaCtbPF1ARIYQxhinB5QvkSLVaKeEKxKnlUABL1Pv5994goolkylJBjOliFFt/SrTlVLBZrpcYFhM6JkPWdVQRyYw/nR88gydOGcAw0q6UhXP1+8SUSGMmMnCdktiR+e2l4l9eN7FhxZ9yFSeWKbpYFCYC2gim38MB14xaMXGEUM3drZCOiCbUuoxyLoSvT+H/pFUq4rNi6ea8ULtcxpEFR+AYnAIMyqAGrkEdNAEFEjyAJ/Dsae/Re/FeF60ZbzlzCH7Ae/sEOKCQqw==</latexit>

x
<latexit sha1_base64="5N5vXGU2TJ3AeihCnWvyr/37MPg=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexGQfEU8OIxAfOAZAmzk95kzOzsMjMrhpAv8OJBEa9+kjf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3c781iMqzWN5b8YJ+hEdSB5yRo2V6k+9Ysktu3OQVeJlpAQZar3iV7cfszRCaZigWnc8NzH+hCrDmcBpoZtqTCgb0QF2LJU0Qu1P5odOyZlV+iSMlS1pyFz9PTGhkdbjKLCdETVDvezNxP+8TmrCa3/CZZIalGyxKEwFMTGZfU36XCEzYmwJZYrbWwkbUkWZsdkUbAje8surpFkpexflSv2yVL3J4sjDCZzCOXhwBVW4gxo0gAHCM7zCm/PgvDjvzseiNedkM8fwB87nD+UfjPg=</latexit>

y
<latexit sha1_base64="pKu1P9BPEULi1aABwnC9ZTI1IB4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoHgqePHYgq2FNpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewtr6xuVXcLu3s7u0flA+P2jpOFcMWi0WsOgHVKLjEluFGYCdRSKNA4EMwvp35D0+oNI/lvZkk6Ed0KHnIGTVWak765Ypbdecgq8TLSQVyNPrlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtGtV76Jaa15W6jd5HEU4gVM4Bw+uoA530IAWMEB4hld4cx6dF+fd+Vi0Fpx85hj+wPn8AeajjPk=</latexit>

z
<latexit sha1_base64="tFgTaNRapgsT3naA3D48AqBgMBo=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexGQfEU8OIxAfOAZAmzk95kzOzsMjMrxJAv8OJBEa9+kjf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3c781iMqzWN5b8YJ+hEdSB5yRo2V6k+9Ysktu3OQVeJlpAQZar3iV7cfszRCaZigWnc8NzH+hCrDmcBpoZtqTCgb0QF2LJU0Qu1P5odOyZlV+iSMlS1pyFz9PTGhkdbjKLCdETVDvezNxP+8TmrCa3/CZZIalGyxKEwFMTGZfU36XCEzYmwJZYrbWwkbUkWZsdkUbAje8surpFkpexflSv2yVL3J4sjDCZzCOXhwBVW4gxo0gAHCM7zCm/PgvDjvzseiNedkM8fwB87nD+gnjPo=</latexit>

|Ri
<latexit sha1_base64="qgWn3vfhyOkDnnV/Q1JpNiay9VA=">AAAB8HicdVDLSgMxFM3UV62vqks3wSK4GjKtj+qq4MZlFfuQdiiZNG1Dk8yQZIQy9ivcuFDErZ/jzr8xnY6gogcuHM65l3vvCSLOtEHow8ktLC4tr+RXC2vrG5tbxe2dpg5jRWiDhDxU7QBrypmkDcMMp+1IUSwCTlvB+GLmt+6o0iyUN2YSUV/goWQDRrCx0u39dVdhOeS0Vywh9xh5ZycIIhelSEnVq3jQy5QSyFDvFd+7/ZDEgkpDONa646HI+AlWhhFOp4VurGmEyRgPacdSiQXVfpIePIUHVunDQahsSQNT9ftEgoXWExHYToHNSP/2ZuJfXic2g6qfMBnFhkoyXzSIOTQhnH0P+0xRYvjEEkwUs7dCMsIKE2MzKtgQvj6F/5Nm2fUqbvnqqFQ7z+LIgz2wDw6BB05BDVyCOmgAAgR4AE/g2VHOo/PivM5bc042swt+wHn7BBoNkJU=</latexit>

|T i
<latexit sha1_base64="VTaQkdlHRVb2ofcURkZJzxDVSzs=">AAAB8HicdVDLSgMxFM3UV62vqks3wSK4KkkV27oquHFZoS9ph5JJM21okhmSjFBqv8KNC0Xc+jnu/BszbQUVPXDhcM693HtPEAtuLEIfXmZldW19I7uZ29re2d3L7x+0TJRoypo0EpHuBMQwwRVrWm4F68SaERkI1g7GV6nfvmPa8Eg17CRmviRDxUNOiXXS7X2jp4kaCtbPF1ARIYQxhinB5QvkSLVaKeEKxKnlUABL1Pv5994goolkylJBjOliFFt/SrTlVLBZrpcYFhM6JkPWdVQRyYw/nR88gydOGcAw0q6UhXP1+8SUSGMmMnCdktiR+e2l4l9eN7FhxZ9yFSeWKbpYFCYC2gim38MB14xaMXGEUM3drZCOiCbUuoxyLoSvT+H/pFUq4rNi6ea8ULtcxpEFR+AYnAIMyqAGrkEdNAEFEjyAJ/Dsae/Re/FeF60ZbzlzCH7Ae/sEOKCQqw==</latexit>

vs. e.g.
e�i �z
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2

<latexit sha1_base64="kMsbkCw5YO5ZGIVSC2yg4HaoEBY="></latexit>
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2

<latexit sha1_base64="YRcc6e+VWPLoCxZbuiSRpR732gI="></latexit>
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2
<latexit sha1_base64="QW8iwAyHdfPMmtPdErFJ0C8ie9U="></latexit>

10⇥⇡

2
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⇡

2
+
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2
<latexit sha1_base64="Y2bLiAyyVflKxFor9jxrkDSmja4="></latexit>

say y-rot is          
harder to do:

O(10)
<latexit sha1_base64="T6KmsJ6Y/iXgh4lzdE3gTiPMufQ=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoMQL2E3CoqngBdvRjAPyC5hdjKbDJmdXeYhhCW/4cWDIl79GW/+jZNkD5pY0FBUddPdFaacKe26305hbX1jc6u4XdrZ3ds/KB8etVViJKEtkvBEdkOsKGeCtjTTnHZTSXEcctoJx7czv/NEpWKJeNSTlAYxHgoWMYK1lfzMJ5ij+2nVc8/75Ypbc+dAq8TLSQVyNPvlL3+QEBNToQnHSvU8N9VBhqVmhNNpyTeKppiM8ZD2LBU4pirI5jdP0ZlVBihKpC2h0Vz9PZHhWKlJHNrOGOuRWvZm4n9ez+joOsiYSI2mgiwWRYYjnaBZAGjAJCWaTyzBRDJ7KyIjLDHRNqaSDcFbfnmVtOs176JWf7isNG7yOIpwAqdQBQ+uoAF30IQWEEjhGV7hzTHOi/PufCxaC04+cwx/4Hz+AGOXkJM=</latexit>

…

One can* use complexity of U to define complexity of states: |T i = U |Ri

<latexit sha1_base64="WWtpP8QjydYxRjfRSjPCHC4ltVE=">AAACAnicbVBNSwMxEJ31s9avVU/iJVgET2VXCupBKXjxWKXbFtqlZNO0Dc1mlyQrlG3x4l/x4kERr/4Kb/4b03YP2vpg4OW9GTLzgpgzpR3n21paXlldW89t5De3tnd27b39mooSSahHIh7JRoAV5UxQTzPNaSOWFIcBp/VgcDPx6w9UKhaJqh7G1A9xT7AuI1gbqW0fjlAVtSQWPU7RFfLQ6D57te2CU3SmQIvEzUgBMlTa9lerE5EkpEITjpVquk6s/RRLzQin43wrUTTGZIB7tGmowCFVfjo9YYxOjNJB3UiaEhpN1d8TKQ6VGoaB6Qyx7qt5byL+5zUT3b3wUybiRFNBZh91E450hCZ5oA6TlGg+NAQTycyuiPSxxESb1PImBHf+5EVSOyu6peLlXalQvs7iyMERHMMpuHAOZbiFCnhA4BGe4RXerCfrxXq3PmatS1Y2cwB/YH3+AF6dlic=</latexit>

Complexity is concerns hardness of defining an operator         or a state       
1903.12621 by Brown & Susskind

|T i

<latexit sha1_base64="ZBURfTT9miKO6vCmevFna9FNoPg=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUC9S8OKxQr+gDWWznbRLN5uwuxFK7M/w4kERr/4ab/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GdzO//YhK81g2zCRBP6JDyUPOqLFS94k0SE9RORTYL1fcqjsHWSVeTiqQo94vf/UGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/m588JWdWGZAwVrakIXP190RGI60nUWA7I2pGetmbif953dSE137GZZIalGyxKEwFMTGZ/U8GXCEzYmIJZYrbWwkbUUWZsSmVbAje8surpHVR9S6rNw+XldptHkcRTuAUzsGDK6jBPdShCQxieIZXeHOM8+K8Ox+L1oKTzxzDHzifP52mkNU=</latexit>

|Ri

<latexit sha1_base64="9gagoiVS7sBzv6mcS01r0VXCZNE=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUC9S8OKxiv2ANJTNdtMu3WzC7kQotT/DiwdFvPprvPlv3LY5aOuDgcd7M8zMC1MpDLrut1NYWV1b3yhulra2d3b3yvsHTZNkmvEGS2Si2yE1XArFGyhQ8naqOY1DyVvh8Gbqtx65NiJRDzhKeRDTvhKRYBSt5D+Re9LRVPUl75YrbtWdgSwTLycVyFHvlr86vYRlMVfIJDXG99wUgzHVKJjkk1InMzylbEj73LdU0ZibYDw7eUJOrNIjUaJtKSQz9ffEmMbGjOLQdsYUB2bRm4r/eX6G0WUwFirNkCs2XxRlkmBCpv+TntCcoRxZQpkW9lbCBlRThjalkg3BW3x5mTTPqt559eruvFK7zuMowhEcwyl4cAE1uIU6NIBBAs/wCm8OOi/Ou/Mxby04+cwh/IHz+QOajpDT</latexit>

U

<latexit sha1_base64="92q9CgYTE5X3NgG4jMwRaYNPooU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoF6k4MVjC6YW2lA220m7drMJuxuhlP4CLx4U8epP8ua/cdvmoK0PBh7vzTAzL0wF18Z1v53C2vrG5lZxu7Szu7d/UD48aukkUwx9lohEtUOqUXCJvuFGYDtVSONQ4EM4up35D0+oNE/kvRmnGMR0IHnEGTVWavq9csWtunOQVeLlpAI5Gr3yV7efsCxGaZigWnc8NzXBhCrDmcBpqZtpTCkb0QF2LJU0Rh1M5odOyZlV+iRKlC1pyFz9PTGhsdbjOLSdMTVDvezNxP+8Tmaiq2DCZZoZlGyxKMoEMQmZfU36XCEzYmwJZYrbWwkbUkWZsdmUbAje8surpHVR9WrV62atUr/J4yjCCZzCOXhwCXW4gwb4wADhGV7hzXl0Xpx352PRWnDymWP4A+fzB7PZjOE=</latexit>

from  a simpler state        using restricted resources, e.g.                               :

U = Pe�i
R 1
0 d⌧ Q(⌧)

<latexit sha1_base64="SGFHtamT110FuhnCyMvNuf9LGdI=">AAACG3icbZDLSgMxFIYzXmu9VV26OVgEBS0zIqgLpeDGZQtWC522ZNK0Dc1khuSMUIZ5Dze+ihsXirgSXPg2ppeFtx8CH/85h5PzB7EUBl3305mZnZtfWMwt5ZdXVtfWCxubNyZKNOM1FslI1wNquBSK11Cg5PVYcxoGkt8Gg8tR/faOayMidY3DmDdD2lOiKxhFa7ULRzU4h9RnVEIlA95KD0GALxS2UzdrpV4GHR9pAv4BVPdGtJ+1C0W35I4Ff8GbQpFMVWkX3v1OxJKQK2SSGtPw3BibKdUomORZ3k8Mjykb0B5vWFQ05KaZjm/LYNc6HehG2j6FMHa/T6Q0NGYYBrYzpNg3v2sj879aI8HuaTMVKk6QKzZZ1E0kYASjoKAjNGcohxYo08L+FVifasrQxpm3IXi/T/4LN0cl77h0Vj0uli+mceTINtkhe8QjJ6RMrkiF1Agj9+SRPJMX58F5cl6dt0nrjDOd2SI/5Hx8AS7Nnw0=</latexit>

with Q(⌧) =
X

I

OI ✏
I(⌧)

<latexit sha1_base64="k01fK7/6m6n7/uELM5KOu5htRSU=">AAACF3icbVBNS8MwGE79nPOr6tFLcAgTpLQyUA/KwIue3MB9wFpLmmVbWJqWJBVG2b/w4l/x4kERr3rz35h1PejmAwlPnvd5efM+QcyoVLb9bSwsLi2vrBbWiusbm1vb5s5uU0aJwKSBIxaJdoAkYZSThqKKkXYsCAoDRlrB8GpSbz0QIWnE79QoJl6I+pz2KEZKS75p1cuuQskRvICuTEI/vRnD2+x2j6FLYklZxO/1e2rzzZJt2RngPHFyUgI5ar755XYjnISEK8yQlB3HjpWXIqEoZmRcdBNJYoSHqE86mnIUEuml2V5jeKiVLuxFQh+uYKb+7khRKOUoDLQzRGogZ2sT8b9aJ1G9My+lPE4U4Xg6qJcwqCI4CQl2qSBYsZEmCAuq/wrxAAmElY6yqENwZleeJ80Ty6lY5/VKqXqZx1EA++AAlIEDTkEVXIMaaAAMHsEzeAVvxpPxYrwbH1PrgpH37IE/MD5/AJGknlg=</latexit>

CL1 ⇠ min

"Z 1

0
d⌧

X

I

⇧I |✏I(⌧)|
#

<latexit sha1_base64="8vyGG5R3WW4PWOUo4AiP4VvN0tU="></latexit>

CL2 ⇠ min

2

4
Z 1

0
d⌧

sX

I,J

⇧IJ ✏I(⌧) ✏J(⌧)

3

5

<latexit sha1_base64="NnZSd0wJToCtZN1qJkUoqKx0NSs="></latexit>



Complexity in free QFTs - punchlines
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First applications to free QFTs on a lattice / cMERA regularization:

• unitary gates (for bosons): 
• for very fine-tuned cost function,                 , one can get exact results
• circuits then also use very non-local gates, e.g. 
• U(1) phases do not matter and are ignored

OI ⇠ i�j�l, i⇡j �l and i�(j⇡l)
<latexit sha1_base64="014Y13VniyKr46JPZf8BRa25D1c="></latexit>

CcertainL2
<latexit sha1_base64="wR9x6m2b5bgF4czvu9O8K0lCo2A=">AAACDXicbVDLSsNAFJ34rPUVdelmsAoupCRV0JUUunHhooJ9QFPCZDpph04mYWYilCE/4MZfceNCEbfu3fk3TtostPXAhcM593LvPUHCqFSO820tLa+srq2XNsqbW9s7u/beflvGqcCkhWMWi26AJGGUk5aiipFuIgiKAkY6wbiR+50HIiSN+b2aJKQfoSGnIcVIGcm3j7WHEYONzNdehNRIRBoToRDlGfTO4K2va1nm2xWn6kwBF4lbkAoo0PTtL28Q4zQiXGGGpOy5TqL6GglFMSNZ2UslSRAeoyHpGcpRRGRfT7/J4IlRBjCMhSmu4FT9PaFRJOUkCkxnfrGc93LxP6+XqvCqrylPUkU4ni0KUwZVDPNo4IAKghWbGIKwoOZWiEdIIKxMgGUTgjv/8iJp16ruebV2d1GpXxdxlMAhOAKnwAWXoA5uQBO0AAaP4Bm8gjfryXqx3q2PWeuSVcwcgD+wPn8AUsSbsQ==</latexit>

i⇡j ⇡l

OI = i�here �other galaxy
<latexit sha1_base64="f2H0mBHGKfL4okRuPk/E+pxgF8M="></latexit>

1707.08570 by Jefferson & Myers, 1707.08582,  1807.07075, 1810.05151, …

• the good: one can reproduce static properties of holographic 
complexity proposals (leading divergences in the vacuum, complexity of 
formation in TFD states, complexity of purification for subregions…)

• the bad (but expected): very different time dependence than holography
• problematic: calculations do not naturally generalize to holographic QFTs

Features:



Lessons from entanglement entropy in QFT
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To my taste,       and      looked a lot like calculating HRT surfaces before first 
works on entanglement entropy in QFT (pioneers: 1980s, explosion > 2004)

CV
<latexit sha1_base64="gNjVQ3wGrFkeh5KMF5+YFGknai0=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiRV0JUUunFZwT6gCWUynbRDJ5MwD6GE/IYbF4q49Wfc+TdO2yy09cCFwzn3cu89YcqZ0q777ZQ2Nre2d8q7lb39g8Oj6vFJVyVGEtohCU9kP8SKciZoRzPNaT+VFMchp71w2pr7vScqFUvEo56lNIjxWLCIEayt5Gc+wRy18mHWzYfVmlt3F0DrxCtIDQq0h9Uvf5QQE1OhCcdKDTw31UGGpWaE07ziG0VTTKZ4TAeWChxTFWSLm3N0YZURihJpS2i0UH9PZDhWahaHtjPGeqJWvbn4nzcwOroNMiZSo6kgy0WR4UgnaB4AGjFJieYzSzCRzN6KyARLTLSNqWJD8FZfXifdRt27qjcermvNuyKOMpzBOVyCBzfQhHtoQwcIpPAMr/DmGOfFeXc+lq0lp5g5hT9wPn8A0DmRhg==</latexit>

CA
<latexit sha1_base64="ZCcwqqe28+4fRSPwUVrRJBSOqaY=">AAAB83icbVDLSsNAFL3xWeur6tLNYBFclaQKupJKNy4r2Ac0oUymk3boZBLmIZSQ33DjQhG3/ow7/8Zpm4W2HrhwOOde7r0nTDlT2nW/nbX1jc2t7dJOeXdv/+CwcnTcUYmRhLZJwhPZC7GinAna1kxz2kslxXHIaTecNGd+94lKxRLxqKcpDWI8EixiBGsr+ZlPMEfNfJDd5YNK1a25c6BV4hWkCgVag8qXP0yIianQhGOl+p6b6iDDUjPCaV72jaIpJhM8on1LBY6pCrL5zTk6t8oQRYm0JTSaq78nMhwrNY1D2xljPVbL3kz8z+sbHd0EGROp0VSQxaLIcKQTNAsADZmkRPOpJZhIZm9FZIwlJtrGVLYheMsvr5JOveZd1uoPV9XGbRFHCU7hDC7Ag2towD20oA0EUniGV3hzjPPivDsfi9Y1p5g5gT9wPn8AsFCRcQ==</latexit>

History likes to repeat itself and perhaps there is a lesson for complexity 
buried in the development of entanglement entropy in QFTs

Pioneering works looked a lot like studies of complexity in free QFTs, but an 
exponential progress occurred building on the universal CFT1+1 result

S =
c

3
log (l/lUV )

<latexit sha1_base64="f2GdwVb/ClPeyKsu9UNQXQeX8nc=">AAACCnicbVDLSsNAFJ3UV62vqEs3o0Wom5poQV0oBTcuK5q20IQwmU7aoZMHMxOhDFm78VfcuFDErV/gzr9x+lho64ELh3Pu5d57gpRRIS3r2ygsLC4trxRXS2vrG5tb5vZOUyQZx8TBCUt4O0CCMBoTR1LJSDvlBEUBI61gcD3yWw+EC5rE93KYEi9CvZiGFCOpJd/cv4OXELohR1jhXJ3m0GVJT1XYMfOV08yPct8sW1VrDDhP7CkpgykavvnldhOcRSSWmCEhOraVSk8hLilmJC+5mSApwgPUIx1NYxQR4anxKzk81EoXhgnXFUs4Vn9PKBQJMYwC3Rkh2Rez3kj8z+tkMjz3FI3TTJIYTxaFGYMygaNcYJdygiUbaoIwp/pWiPtIxyJ1eiUdgj378jxpnlTtWvXitlauX03jKII9cAAqwAZnoA5uQAM4AINH8AxewZvxZLwY78bHpLVgTGd2wR8Ynz9ntZl7</latexit>

Idea behind 2005.02415 with Mario Flory and this talk: work towards such a universal 
result by revisiting complexity in CFT1+1

hep-th/9403108 by Holzhey et al. and hep-th/0405152 by Cardy & Calabrese 

1986 article by Bombelli et al.  and hep-th/9303048 by Srednicki 



Complexity in CFT1+1 — existing approaches
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Discussed free boson/fermion results cover also massless theories, but they do
not utilize specifically CFT1+1 structure and do not generalize to hCFTs1+1

To move forward, in 2005.02415 with Mario Flory we decided to revisit the setups of 
1807.04422 by Caputa & Magan and 2004.03619 by Erdmenger, Gerbershagen & Weigel (see Johanna’s talk on April 28th) 

One can view the path-integral optimization                                    as a 
version of circuit complexity, but puzzles remain 1904.02713 with Camargo, Jefferson & Knaute

1703. 00456 by the Kyoto group, …

CV

<latexit sha1_base64="qVs3L/wTucNReBqmCXlD1mVON0w=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiRSUDdS6MZlBfuAJpTJdNIOnUzCPIQS8htuXCji1p9x5984bbPQ1gMXDufcy733hClnSrvut1Pa2Nza3invVvb2Dw6PqscnXZUYSWiHJDyR/RArypmgHc00p/1UUhyHnPbCaWvu956oVCwRj3qW0iDGY8EiRrC2kp/5BHPUyodZNx9Wa27dXQCtE68gNSjQHla//FFCTEyFJhwrNfDcVAcZlpoRTvOKbxRNMZniMR1YKnBMVZAtbs7RhVVGKEqkLaHRQv09keFYqVkc2s4Y64la9ebif97A6OgmyJhIjaaCLBdFhiOdoHkAaMQkJZrPLMFEMnsrIhMsMdE2pooNwVt9eZ10r+peo3770Kg174o4ynAG53AJHlxDE+6hDR0gkMIzvMKbY5wX5935WLaWnGLmFP7A+fwB0suRjg==</latexit>

Remarkably, 1811.03097 by Berlin,  Lewkowycz & Sarosi was able to reproduce    in some 
cases (also in AdS3) using bdry sources; however, CFT understanding is limited



Setup
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2005.02415 with Mario Flory1807.04422 by Caputa & Magan; 2004.03619 by Erdmenger, Gerbershagen & Weigel; 

We consider CFT1+1 on a Lorentzian cylinder with spatial coord  0  � < 2⇡

<latexit sha1_base64="UjK11qiW74bZvfcWqCsuAmcjDlE=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwVZJSUEGk4MZlBfuAJpTJ9KYdOpPEmYlQQ/FX3LhQxK3/4c6/cdpmoa0HLhzOuZd77wkSzpR2nG9raXlldW29sFHc3Nre2bX39psqTiWFBo15LNsBUcBZBA3NNId2IoGIgEMrGF5P/NYDSMXi6E6PEvAF6UcsZJRoI3XtQwd7HO6xp1hfEHyJK17CunbJKTtT4EXi5qSEctS79pfXi2kqINKUE6U6rpNoPyNSM8phXPRSBQmhQ9KHjqEREaD8bHr9GJ8YpYfDWJqKNJ6qvycyIpQaicB0CqIHat6biP95nVSH537GoiTVENHZojDlWMd4EgXuMQlU85EhhEpmbsV0QCSh2gRWNCG48y8vkmal7FbLF7fVUu0qj6OAjtAxOkUuOkM1dIPqqIEoekTP6BW9WU/Wi/Vufcxal6x85gD9gfX5A0xqk9k=</latexit>

We look at unitary circuits realizing diffeomorphisms of S1 in a gradual form:

� ! f(�)

<latexit sha1_base64="FrdOS7NZ81EH11xLqapDp5iegTI=">AAACBXicbVC7SgNBFJ31GeNr1VKLwSDEJuxKQG0kYGMZwTwgu4TZyexmyDyWmVklhDQ2/oqNhSK2/oOdf+Mk2UITD1w4nHMv994TpYxq43nfztLyyuraemGjuLm1vbPr7u03tcwUJg0smVTtCGnCqCANQw0j7VQRxCNGWtHgeuK37onSVIo7M0xJyFEiaEwxMlbqukeBpglHMFA06RuklHyAcXkmnnbdklfxpoCLxM9JCeSod92voCdxxokwmCGtO76XmnCElKGYkXExyDRJER6ghHQsFYgTHY6mX4zhiVV6MJbKljBwqv6eGCGu9ZBHtpMj09fz3kT8z+tkJr4IR1SkmSECzxbFGYNGwkkksEcVwYYNLUFYUXsrxH2kEDY2uKINwZ9/eZE0zyp+tXJ5Wy3VrvI4CuAQHIMy8ME5qIEbUAcNgMEjeAav4M15cl6cd+dj1rrk5DMH4A+czx8AH5hB</latexit>

via   f(⌧,�)

<latexit sha1_base64="PxUPpZa2Y7TihZs0VtF8v+awBf0=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSxCBSmJFNSNFNy4rGAf0IQymU7aoTOTMA+hhn6JGxeKuPVT3Pk3TtsstPXAhcM593LvPVHKqNKe9+0U1tY3NreK26Wd3b39sntw2FaJkZi0cMIS2Y2QIowK0tJUM9JNJUE8YqQTjW9nfueRSEUT8aAnKQk5GgoaU4y0lfpuOa4GGplzGCg65Ois71a8mjcHXCV+TiogR7PvfgWDBBtOhMYMKdXzvVSHGZKaYkampcAokiI8RkPSs1QgTlSYzQ+fwlOrDGCcSFtCw7n6eyJDXKkJj2wnR3qklr2Z+J/XMzq+CjMqUqOJwItFsWFQJ3CWAhxQSbBmE0sQltTeCvEISYS1zapkQ/CXX14l7YuaX69d39crjZs8jiI4BiegCnxwCRrgDjRBC2BgwDN4BW/Ok/PivDsfi9aCk88cgT9wPn8AiWCSXw==</latexit>

with    f(⌧ = 0,�) = �

<latexit sha1_base64="Nwon3TBM3G9OO/EZi6L9isMxC48=">AAACBXicbZDLSgMxFIYz9VbrbdSlLoJFqCBlRgrqQim4cVnBXqAzlDNppg3NZIYkI5TSjRtfxY0LRdz6Du58G9N2Ftr6Q+DLf84hOX+QcKa043xbuaXlldW1/HphY3Nre8fe3WuoOJWE1knMY9kKQFHOBK1rpjltJZJCFHDaDAY3k3rzgUrFYnGvhwn1I+gJFjIC2lgd+zAseRpSfIWdU+wp1ovgxFxm1LGLTtmZCi+Cm0ERZap17C+vG5M0okITDkq1XSfR/gikZoTTccFLFU2ADKBH2wYFRFT5o+kWY3xsnC4OY2mO0Hjq/p4YQaTUMApMZwS6r+ZrE/O/WjvV4YU/YiJJNRVk9lCYcqxjPIkEd5mkRPOhASCSmb9i0gcJRJvgCiYEd37lRWicld1K+fKuUqxeZ3Hk0QE6QiXkonNURbeohuqIoEf0jF7Rm/VkvVjv1sesNWdlM/voj6zPHysWlng=</latexit>

and    f(⌧ = 1,�) = f(�)

<latexit sha1_base64="TgH8fGpoQMdYlc+KU2oHhN3LP1I=">AAACCHicbZDLSgMxFIYz9VbrbdSlC4NFqCBlRgrqQim4cVnBXqAzlDNppg3NZIYkI5TSpRtfxY0LRdz6CO58G9N2Ftr6Q+DLf84hOX+QcKa043xbuaXlldW1/HphY3Nre8fe3WuoOJWE1knMY9kKQFHOBK1rpjltJZJCFHDaDAY3k3rzgUrFYnGvhwn1I+gJFjIC2lgd+zAseRpSfIXdU+wp1ovgxFyMO+OOXXTKzlR4EdwMiihTrWN/ed2YpBEVmnBQqu06ifZHIDUjnI4LXqpoAmQAPdo2KCCiyh9NFxnjY+N0cRhLc4TGU/f3xAgipYZRYDoj0H01X5uY/9XaqQ4v/BETSaqpILOHwpRjHeNJKrjLJCWaDw0Akcz8FZM+SCDaZFcwIbjzKy9C46zsVsqXd5Vi9TqLI48O0BEqIRedoyq6RTVURwQ9omf0it6sJ+vFerc+Zq05K5vZR39kff4Ay0CXTg==</latexit>

Such circuits are realized by unitaries of the form U = Pe�i
R 1
0 d⌧ Q(⌧)

<latexit sha1_base64="5pJ32XYoaaBzutTjKQXWsFQm8Wg="></latexit>

with

Q(⌧) =
X

I

OI ✏
I(⌧)

<latexit sha1_base64="k01fK7/6m6n7/uELM5KOu5htRSU=">AAACF3icbVBNS8MwGE79nPOr6tFLcAgTpLQyUA/KwIue3MB9wFpLmmVbWJqWJBVG2b/w4l/x4kERr3rz35h1PejmAwlPnvd5efM+QcyoVLb9bSwsLi2vrBbWiusbm1vb5s5uU0aJwKSBIxaJdoAkYZSThqKKkXYsCAoDRlrB8GpSbz0QIWnE79QoJl6I+pz2KEZKS75p1cuuQskRvICuTEI/vRnD2+x2j6FLYklZxO/1e2rzzZJt2RngPHFyUgI5ar755XYjnISEK8yQlB3HjpWXIqEoZmRcdBNJYoSHqE86mnIUEuml2V5jeKiVLuxFQh+uYKb+7khRKOUoDLQzRGogZ2sT8b9aJ1G9My+lPE4U4Xg6qJcwqCI4CQl2qSBYsZEmCAuq/wrxAAmElY6yqENwZleeJ80Ty6lY5/VKqXqZx1EA++AAlIEDTkEVXIMaaAAMHsEzeAVvxpPxYrwbH1PrgpH37IE/MD5/AJGknlg=</latexit>

Reminder: 

Q(⌧) =

Z 2⇡

0

d�

2⇡
T (�) ḟ(⌧, F (⌧,�))

<latexit sha1_base64="WYQ3s8HyBgA0iJ/KbNfBGzK5gTI="></latexit>

and f(⌧, F (⌧,�)) = �

<latexit sha1_base64="/uorJ7Ti+cOpm24ORMFqm0RaboA=">AAACCHicbZDLSgMxFIYz9VbrbdSlC4NFaEHKjBTUhVIQxGUFe4HOUDJppg1NMkOSEUrp0o2v4saFIm59BHe+jWlnFtp6IOTj/88hOX8QM6q043xbuaXlldW1/HphY3Nre8fe3WuqKJGYNHDEItkOkCKMCtLQVDPSjiVBPGCkFQyvp37rgUhFI3GvRzHxOeoLGlKMtJG69mFY8jRKTm7Sy1O0z1G5DC9hil276FScWcFFcDMogqzqXfvL60U44URozJBSHdeJtT9GUlPMyKTgJYrECA9Rn3QMCsSJ8sezRSbw2Cg9GEbSHKHhTP09MUZcqREPTCdHeqDmvan4n9dJdHjuj6mIE00ETh8KEwZ1BKepwB6VBGs2MoCwpOavEA+QRFib7AomBHd+5UVonlbcauXirlqsXWVx5MEBOAIl4IIzUAO3oA4aAINH8AxewZv1ZL1Y79ZH2pqzspl98Keszx80xpgy</latexit>

right- or left-moving component of Tµ⌫

<latexit sha1_base64="feKMpDiaCaXrj3HLqBmwpYOH8KU=">AAAB8nicbVDJSgNBEO2JW4xb1KOXxiB4CjMSUC8S8OIxQjaYGUJPpydp0svQixCGfIYXD4p49Wu8+Td2kjlo4oOCx3tVVNVLMka18f1vr7SxubW9U96t7O0fHB5Vj0+6WlqFSQdLJlU/QZowKkjHUMNIP1ME8YSRXjK5n/u9J6I0laJtphmJORoJmlKMjJPC9iCPuIWRsLNBtebX/QXgOgkKUgMFWoPqVzSU2HIiDGZI6zDwMxPnSBmKGZlVIqtJhvAEjUjoqECc6DhfnDyDF04ZwlQqV8LAhfp7Ikdc6ylPXCdHZqxXvbn4nxdak97EORWZNUTg5aLUMmgknP8Ph1QRbNjUEYQVdbdCPEYKYeNSqrgQgtWX10n3qh406rePjVrzroijDM7AObgEAbgGTfAAWqADMJDgGbyCN894L96797FsLXnFzCn4A+/zBzaWkTg=</latexit>

✏(⌧,�) = � Ḟ (⌧,�)

F 0(⌧,�)

<latexit sha1_base64="Jk01o7KBlxpfTNQkfS6cuzq0OOo=">AAACL3icbVDLSgMxFM3UV62vqks3wSJW0DIjBXWhFITisoJ9QKeUTJppQzOZIbkjlKF/5MZf6UZEEbf+heljYVsPXDicc29y7/EiwTXY9ruVWlldW99Ib2a2tnd297L7BzUdxoqyKg1FqBoe0UxwyarAQbBGpBgJPMHqXv9+7NefmdI8lE8wiFgrIF3JfU4JGKmdLbss0lyEMu8Cic9dzbsBOcO3+AK7viI0cTshJOXhnD1MyqfzQjubswv2BHiZODOSQzNU2tmReZjGAZNABdG66dgRtBKigFPBhhk31iwitE+6rGmoJAHTrWRy7xCfGKWD/VCZkoAn6t+JhARaDwLPdAYEenrRG4v/ec0Y/OtWwmUUA5N0+pEfCwwhHoeHO1wxCmJgCKGKm10x7RETE5iIMyYEZ/HkZVK7LDjFws1jMVe6m8WRRkfoGOWRg65QCT2gCqoiil7QCH2gT+vVerO+rO9pa8qazRyiOVg/vwZMqHU=</latexit>



Fubini-Study metric and CFT1+1
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From the point of view of matching with holography, it would be ideal to 
assign cost to circuits in a way that requires minimum of choices*

This can be realized by weighting layers of circuits via distance travelled in 
Hilbert space upon acting on some state 1707.08582 with Chapman, Marocchio & Pastawski : 

|hi

<latexit sha1_base64="eZ1q8Wzf3t1hlfVq+YF0pDa/yv4=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoF6k4MVjBfsBaSib7bZdutmE3YlQYn+GFw+KePXXePPfuG1z0NYHA4/3ZpiZFyZSGHTdb6ewtr6xuVXcLu3s7u0flA+PWiZONeNNFstYd0JquBSKN1Gg5J1EcxqFkrfD8e3Mbz9ybUSsHnCS8CCiQyUGglG0kv9ERqSrqRpK3itX3Ko7B1klXk4qkKPRK391+zFLI66QSWqM77kJBhnVKJjk01I3NTyhbEyH3LdU0YibIJufPCVnVumTQaxtKSRz9fdERiNjJlFoOyOKI7PszcT/PD/FwVWQCZWkyBVbLBqkkmBMZv+TvtCcoZxYQpkW9lbCRlRThjalkg3BW355lbQuql6ten1fq9Rv8jiKcAKncA4eXEId7qABTWAQwzO8wpuDzovz7nwsWgtOPnMMf+B8/gC8lpDp</latexit>

| (⌧)i = Pe�i
R ⌧
0 d⌧̂ Q(⌧̂)|hi

<latexit sha1_base64="k8au7FO8EV2mxjxgkxHwCoS7pSg="></latexit>

U |hi

<latexit sha1_base64="0f3A+eWeCRFhShCqQQxbTR4VlBY=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBU0mkoF6k4MVjBdMW0lA22027dLMbdidCif0ZXjwo4tVf481/47bNQVsfDDzem2FmXpQKbsB1v53S2vrG5lZ5u7Kzu7d/UD08ahuVacp8qoTS3YgYJrhkPnAQrJtqRpJIsE40vp35nUemDVfyASYpCxMylDzmlICVAh8/jXqayKFg/WrNrbtz4FXiFaSGCrT61a/eQNEsYRKoIMYEnptCmBMNnAo2rfQyw1JCx2TIAkslSZgJ8/nJU3xmlQGOlbYlAc/V3xM5SYyZJJHtTAiMzLI3E//zggziqzDnMs2ASbpYFGcCg8Kz//GAa0ZBTCwhVHN7K6YjogkFm1LFhuAtv7xK2hd1r1G/vm/UmjdFHGV0gk7ROfLQJWqiO9RCPqJIoWf0it4ccF6cd+dj0Vpyiplj9AfO5w8OC5Ee</latexit>

|h (⌧)|�(⌧ + d⌧)i| = 1�GFS
⌧⌧ d⌧2 + . . .

<latexit sha1_base64="Ln999NzAlaLZbvPjIpg5OohTAO4="></latexit>

1807.04422 by Caputa & Magan;  2005.02415 with Mario Flory

CFS = min

Z 1

0
d⌧

q
GFS

⌧⌧

�
= min

Z 1

0
d⌧

p
h (⌧)|Q(⌧)2| (⌧)i � h (⌧)|Q(⌧)| (⌧)i2

�

<latexit sha1_base64="cGw63tt5ShXYnwXF74W3bl1ZfEk="></latexit>

minimal traversed length:



Fubini-Study and other cost functions
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Following 1807.04422 by Caputa & Magan we take       to be energy eigenstate on a circle:|hi

<latexit sha1_base64="eZ1q8Wzf3t1hlfVq+YF0pDa/yv4=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoF6k4MVjBfsBaSib7bZdutmE3YlQYn+GFw+KePXXePPfuG1z0NYHA4/3ZpiZFyZSGHTdb6ewtr6xuVXcLu3s7u0flA+PWiZONeNNFstYd0JquBSKN1Gg5J1EcxqFkrfD8e3Mbz9ybUSsHnCS8CCiQyUGglG0kv9ERqSrqRpK3itX3Ko7B1klXk4qkKPRK391+zFLI66QSWqM77kJBhnVKJjk01I3NTyhbEyH3LdU0YibIJufPCVnVumTQaxtKSRz9fdERiNjJlFoOyOKI7PszcT/PD/FwVWQCZWkyBVbLBqkkmBMZv+TvtCcoZxYQpkW9lbCRlRThjalkg3BW355lbQuql6ten1fq9Rv8jiKcAKncA4eXEId7qABTWAQwzO8wpuDzovz7nwsWgtOPnMMf+B8/gC8lpDp</latexit>

CFS = min

"

<latexit sha1_base64="Hvwr1DPgHqDSJQ4DgUSZivEjzis=">AAACDXicbVDLSsNAFJ34rPVVdelmsAquSiIFdaEUC+Kyon1AEsJkOm2HzkzCzEQoIT/gxl9x40IRt+7d+TdO2i609cCFwzn3cu89Ycyo0rb9bS0sLi2vrBbWiusbm1vbpZ3dlooSiUkTRyySnRApwqggTU01I51YEsRDRtrhsJ777QciFY3EvR7FxOeoL2iPYqSNFJQOUw8jButZkF7fZfACQo8jPZA85VRk0Lui/b4blMp2xR4DzhNnSspgikZQ+vK6EU44ERozpJTr2LH2UyQ1xYxkRS9RJEZ4iPrENVQgTpSfjr/J4JFRurAXSVNCw7H6eyJFXKkRD01nfqqa9XLxP89NdO/MT6mIE00EnizqJQzqCObRwC6VBGs2MgRhSc2tEA+QRFibAIsmBGf25XnSOqk41cr5bbVcu5zGUQD74AAcAwecghq4AQ3QBBg8gmfwCt6sJ+vFerc+Jq0L1nRmD/yB9fkDJ/ObAA==</latexit>

#

<latexit sha1_base64="e3wtR3XNGb05nrDIgOBLX+pkDX4=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9mVQvUiRS8eK9gPaJeSTbPb2GyyJFmhLP0PXjwo4tX/481/Y9ruQVsfDDzem2FmXpBwpo3rfjuFtfWNza3idmlnd2//oHx41NYyVYS2iORSdQOsKWeCtgwznHYTRXEccNoJxrczv/NElWZSPJhJQv0YR4KFjGBjpXb/hkWRPyhX3Ko7B1olXk4qkKM5KH/1h5KkMRWGcKx1z3MT42dYGUY4nZb6qaYJJmMc0Z6lAsdU+9n82ik6s8oQhVLZEgbN1d8TGY61nsSB7YyxGellbyb+5/VSE176GRNJaqggi0VhypGRaPY6GjJFieETSzBRzN6KyAgrTIwNqGRD8JZfXiXti6pXq17d1yqN6zyOIpzAKZyDB3VowB00oQUEHuEZXuHNkc6L8+58LFoLTj5zDH/gfP4ARNWO8A==</latexit>

with

We can also define

CFS�Nielsen = min

Z 1

0
d⌧

p
hh|Q(⌧)2|hi � hh|Q(⌧)|hi2

�

<latexit sha1_base64="OLWcI7DoCtSq0An+h2rhNDBQjvg="></latexit>

Z 1

0

d⌧

2⇡

sZ Z 2⇡

0
d�d

Ḟ (⌧,�)

F 0(⌧,�)

Ḟ (⌧,)

F 0(⌧,)
⇧(� � )

<latexit sha1_base64="bPpS3aoM3DBKleZ5+4ApI638sfk="></latexit>

= min

"

<latexit sha1_base64="zNXNbb0GgT6oPyj0r57vtR+4pnk="></latexit>

#

<latexit sha1_base64="Ij1HP0A5gf/gJzmx4CfAQc+fI18="></latexit>

2005.02415 with Mario Flory



Virtues
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The key asset of the cost functions we considered is they are 2nd order in @⌧

<latexit sha1_base64="QNGFNdizL0dXsE1HOeMvnqFp1w0=">AAAB+HicbVDLSsNAFJ3UV62PRl26CRbBVUlEUDdScOOygn1AE8JkOmmHTiZh5o5QQ7/EjQtF3Pop7vwbJ20W2nrgwuGce2fuPVHGmQLX/bYqa+sbm1vV7drO7t5+3T447KpUS0I7JOWp7EdYUc4E7QADTvuZpDiJOO1Fk9vC7z1SqVgqHmCa0SDBI8FiRjAYKbTrfoYlMMzD3AesZ6HdcJvuHM4q8UrSQCXaof3lD1OiEyqAcKzUwHMzCPLiUcLprOZrRTNMJnhEB4YKnFAV5PPFZ86pUYZOnEpTApy5+nsix4lS0yQynQmGsVr2CvE/b6AhvgpyJjINVJDFR7HmDqROkYIzZJIS4FNDMJHM7OqQMZaYgMmqZkLwlk9eJd3zpnfRvL6/aLRuyjiq6BidoDPkoUvUQneojTqIII2e0St6s56sF+vd+li0Vqxy5gj9gfX5A123k48=</latexit>

This is crucial (!!!) for a well posed variational (initial value) problem between 
2 generic transformations                    and  f(⌧ = 0,�)

<latexit sha1_base64="fFL34ejVAUaJySIuNmGJVFOHgUU=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBEqSEmkoC6UghuXFewDmlAm00k7dDIJMzdCCPVX3LhQxK0f4s6/cfpYaOuBC4dz7uXee4JEcA2O822trK6tb2wWtorbO7t7+/bBYUvHqaKsSWMRq05ANBNcsiZwEKyTKEaiQLB2MLqd+O1HpjSP5QNkCfMjMpA85JSAkXp2Kax4QFJ8jZ0z7Gk+iMhpzy47VWcKvEzcOSmjORo9+8vrxzSNmAQqiNZd10nAz4kCTgUbF71Us4TQERmwrqGSREz7+fT4MT4xSh+HsTIlAU/V3xM5ibTOosB0RgSGetGbiP953RTCSz/nMkmBSTpbFKYCQ4wnSeA+V4yCyAwhVHFzK6ZDoggFk1fRhOAuvrxMWudVt1a9uq+V6zfzOAroCB2jCnLRBaqjO9RATURRhp7RK3qznqwX6936mLWuWPOZEvoD6/MHNBmTNA==</latexit>

f(⌧ = 1,�)

<latexit sha1_base64="yd9kgo5Ws7ue6dw5ZIp1WPFV2sc=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBEqSEmkoC6UghuXFewDmlAm00k7dDIJMzdCCPVX3LhQxK0f4s6/cfpYaOuBC4dz7uXee4JEcA2O822trK6tb2wWtorbO7t7+/bBYUvHqaKsSWMRq05ANBNcsiZwEKyTKEaiQLB2MLqd+O1HpjSP5QNkCfMjMpA85JSAkXp2Kax4QFJ8jd0z7Gk+iMhpzy47VWcKvEzcOSmjORo9+8vrxzSNmAQqiNZd10nAz4kCTgUbF71Us4TQERmwrqGSREz7+fT4MT4xSh+HsTIlAU/V3xM5ibTOosB0RgSGetGbiP953RTCSz/nMkmBSTpbFKYCQ4wnSeA+V4yCyAwhVHFzK6ZDoggFk1fRhOAuvrxMWudVt1a9uq+V6zfzOAroCB2jCnLRBaqjO9RATURRhp7RK3qznqwX6936mLWuWPOZEvoD6/MHNaaTNQ==</latexit>

Earlier works focused predominantly on 

⇠ min

"Z 1

0
d⌧

Z 2⇡

0
d�

ḟ

f 0 (const + {f,�})
#

<latexit sha1_base64="H10ZOjybKdsjzP/8PlGK+bYpfqE="></latexit>

min

Z 1

0
d⌧ h (⌧)|Q(⌧)| (⌧)i =

<latexit sha1_base64="T2lwo0S5f6d3VEgnYr7Srfkl0jE="></latexit>

U(1) phasefirst order in      (c.f.  proper L1 with       ) @⌧

<latexit sha1_base64="QNGFNdizL0dXsE1HOeMvnqFp1w0=">AAAB+HicbVDLSsNAFJ3UV62PRl26CRbBVUlEUDdScOOygn1AE8JkOmmHTiZh5o5QQ7/EjQtF3Pop7vwbJ20W2nrgwuGce2fuPVHGmQLX/bYqa+sbm1vV7drO7t5+3T447KpUS0I7JOWp7EdYUc4E7QADTvuZpDiJOO1Fk9vC7z1SqVgqHmCa0SDBI8FiRjAYKbTrfoYlMMzD3AesZ6HdcJvuHM4q8UrSQCXaof3lD1OiEyqAcKzUwHMzCPLiUcLprOZrRTNMJnhEB4YKnFAV5PPFZ86pUYZOnEpTApy5+nsix4lS0yQynQmGsVr2CvE/b6AhvgpyJjINVJDFR7HmDqROkYIzZJIS4FNDMJHM7OqQMZaYgMmqZkLwlk9eJd3zpnfRvL6/aLRuyjiq6BidoDPkoUvUQneojTqIII2e0St6s56sF+vd+li0Vqxy5gj9gfX5A123k48=</latexit>

�����
ḟ

f 0

�����

<latexit sha1_base64="IO/B/+phuJwNMraSrQil4tPtLKA=">AAACCHicbVDLSsNAFJ34rPUVdenCwSK6KokU1I0U3LisYB/QlDKZTtqhk0mYuRFKmqUbf8WNC0Xc+gnu/BunbRbaeuDC4Zx7Z+49fiy4Bsf5tpaWV1bX1gsbxc2t7Z1de2+/oaNEUVankYhUyyeaCS5ZHTgI1ooVI6EvWNMf3kz85gNTmkfyHkYx64SkL3nAKQEjde0jT7AAxl6gCE29XgRpkGVpcJp5ivcHMO7aJafsTIEXiZuTEspR69pf5hWahEwCFUTrtuvE0EmJAk4Fy4peollM6JD0WdtQSUKmO+n0kAyfGKWHg0iZkoCn6u+JlIRaj0LfdIYEBnrem4j/ee0EgstOymWcAJN09lGQCAwRnqSCe1wxCmJkCKGKm10xHRCTCZjsiiYEd/7kRdI4L7uV8tVdpVS9zuMooEN0jM6Qiy5QFd2iGqojih7RM3pFb9aT9WK9Wx+z1iUrnzlAf2B9/gBfGprY</latexit>

2005.02415 with Mario Flory

gives Camassa-Holm       , Korteweg-de Vries        & Hunter-Saxton       eoms 

Also, choosing 
Z 1

0

d⌧

2⇡

sZ 2⇡

0
d�d

Ḟ (⌧,�)

F 0(⌧,�)

Ḟ (⌧,)

F 0(⌧,)

✓
a �(� � ) + b �00(� � )

◆

<latexit sha1_base64="sTpBwDZd5aYxyi9J/f4cCj9iNCU="></latexit>

a = b

<latexit sha1_base64="uXmwWQMuolkGjKJzj/3OcNteVS0=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoB6UghePFUxbaEPZbCft0s0m7G6EUvobvHhQxKs/yJv/xm2bg7Y+GHi8N8PMvDAVXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKmTTDH0WSIS1Q6pRsEl+oYbge1UIY1Dga1wdDfzW0+oNE/koxmnGMR0IHnEGTVW8im5IWGvXHGr7hxklXg5qUCORq/81e0nLItRGiao1h3PTU0wocpwJnBa6mYaU8pGdIAdSyWNUQeT+bFTcmaVPokSZUsaMld/T0xorPU4Dm1nTM1QL3sz8T+vk5noKphwmWYGJVssijJBTEJmn5M+V8iMGFtCmeL2VsKGVFFmbD4lG4K3/PIqaV5UvVr1+qFWqd/mcRThBE7hHDy4hDrcQwN8YMDhGV7hzZHOi/PufCxaC04+cwx/4Hz+AK49jfQ=</latexit>

b = 0

<latexit sha1_base64="SY1ALaMsi5K0XPVfQNU6XG7ztP0=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoB6UghePFUxbaEPZbCft0s0m7G6EUvobvHhQxKs/yJv/xm2bg7Y+GHi8N8PMvDAVXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKmTTDH0WSIS1Q6pRsEl+oYbge1UIY1Dga1wdDfzW0+oNE/koxmnGMR0IHnEGTVW8kNyQ9xeueJW3TnIKvFyUoEcjV75q9tPWBajNExQrTuem5pgQpXhTOC01M00ppSN6AA7lkoaow4m82On5MwqfRIlypY0ZK7+npjQWOtxHNrOmJqhXvZm4n9eJzPRVTDhMs0MSrZYFGWCmITMPid9rpAZMbaEMsXtrYQNqaLM2HxKNgRv+eVV0ryoerXq9UOtUr/N4yjCCZzCOXhwCXW4hwb4wIDDM7zCmyOdF+fd+Vi0Fpx85hj+wPn8AWP9jcM=</latexit>

a = 0

<latexit sha1_base64="aLk19Qm+AWmdirak3CnE9GpTrw8=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoB6UghePFUxbaEPZbCft0s0m7G6EUvobvHhQxKs/yJv/xm2bg7Y+GHi8N8PMvDAVXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKmTTDH0WSIS1Q6pRsEl+oYbge1UIY1Dga1wdDfzW0+oNE/koxmnGMR0IHnEGTVW8im5IW6vXHGr7hxklXg5qUCORq/81e0nLItRGiao1h3PTU0wocpwJnBa6mYaU8pGdIAdSyWNUQeT+bFTcmaVPokSZUsaMld/T0xorPU4Dm1nTM1QL3sz8T+vk5noKphwmWYGJVssijJBTEJmn5M+V8iMGFtCmeL2VsKGVFFmbD4lG4K3/PIqaV5UvVr1+qFWqd/mcRThBE7hHDy4hDrcQwN8YMDhGV7hzZHOi/PufCxaC04+cwx/4Hz+AGJ1jcI=</latexit>



Optimal circuits and their properties
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KdV, CH, HS are all well known PDEs. Therefore, we focused on Fubini-Study:

CFS = min

"

<latexit sha1_base64="Hvwr1DPgHqDSJQ4DgUSZivEjzis=">AAACDXicbVDLSsNAFJ34rPVVdelmsAquSiIFdaEUC+Kyon1AEsJkOm2HzkzCzEQoIT/gxl9x40IRt+7d+TdO2i609cCFwzn3cu89Ycyo0rb9bS0sLi2vrBbWiusbm1vbpZ3dlooSiUkTRyySnRApwqggTU01I51YEsRDRtrhsJ777QciFY3EvR7FxOeoL2iPYqSNFJQOUw8jButZkF7fZfACQo8jPZA85VRk0Lui/b4blMp2xR4DzhNnSspgikZQ+vK6EU44ERozpJTr2LH2UyQ1xYxkRS9RJEZ4iPrENVQgTpSfjr/J4JFRurAXSVNCw7H6eyJFXKkRD01nfqqa9XLxP89NdO/MT6mIE00EnizqJQzqCObRwC6VBGs2MgRhSc2tEA+QRFibAIsmBGf25XnSOqk41cr5bbVcu5zGUQD74AAcAwecghq4AQ3QBBg8gmfwCt6sJ+vFerc+Jq0L1nRmD/yB9fkDJ/ObAA==</latexit>

#

<latexit sha1_base64="e3wtR3XNGb05nrDIgOBLX+pkDX4=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9mVQvUiRS8eK9gPaJeSTbPb2GyyJFmhLP0PXjwo4tX/481/Y9ruQVsfDDzem2FmXpBwpo3rfjuFtfWNza3idmlnd2//oHx41NYyVYS2iORSdQOsKWeCtgwznHYTRXEccNoJxrczv/NElWZSPJhJQv0YR4KFjGBjpXb/hkWRPyhX3Ko7B1olXk4qkKM5KH/1h5KkMRWGcKx1z3MT42dYGUY4nZb6qaYJJmMc0Z6lAsdU+9n82ik6s8oQhVLZEgbN1d8TGY61nsSB7YyxGellbyb+5/VSE176GRNJaqggi0VhypGRaPY6GjJFieETSzBRzN6KyAgrTIwNqGRD8JZfXiXti6pXq17d1yqN6zyOIpzAKZyDB3VowB00oQUEHuEZXuHNkc6L8+58LFoLTj5zDH/gfP4ARNWO8A==</latexit>

It represents geodesic motion in the metric g� =
c

32 sin4[(��)/2] �
h

2 sin2[(��)/2]

f 0(⌧,�)f 0(⌧,)

<latexit sha1_base64="I7ksNmlpJ2+hJXpWUESVF5p0Hao="></latexit>

f(⌧ = 1,�) = � +A sin(�)

<latexit sha1_base64="elCdouupvSaZhvaDFrH/yjcSrbA=">AAACFnicbZDLSgMxFIYz9VbrbdSlm2ARKmqZkYK6UCpuXFawF+iUkkkzbWiSGZKMUIY+hRtfxY0LRdyKO9/GTDsLbT0Q+PL/55Cc348YVdpxvq3cwuLS8kp+tbC2vrG5ZW/vNFQYS0zqOGShbPlIEUYFqWuqGWlFkiDuM9L0hzep33wgUtFQ3OtRRDoc9QUNKEbaSF37JCh5GsXwErrH0FO0z9GhuUwJHsHrFEUpc7p20Sk7k4Lz4GZQBFnVuvaX1wtxzInQmCGl2q4T6U6CpKaYkXHBixWJEB6iPmkbFIgT1Ukma43hgVF6MAilOULDifp7IkFcqRH3TSdHeqBmvVT8z2vHOjjvJFREsSYCTx8KYgZ1CNOMYI9KgjUbGUBYUvNXiAdIIqxNkgUTgju78jw0TstupXxxVylWr7I48mAP7IMScMEZqIJbUAN1gMEjeAav4M16sl6sd+tj2pqzspld8Keszx87sJxT</latexit>

Finding optimal circuits requires solving integro-partial differential eom, e.g. for

f(⌧ = 0,�) = �

<latexit sha1_base64="Nwon3TBM3G9OO/EZi6L9isMxC48=">AAACBXicbZDLSgMxFIYz9VbrbdSlLoJFqCBlRgrqQim4cVnBXqAzlDNppg3NZIYkI5TSjRtfxY0LRdz6Du58G9N2Ftr6Q+DLf84hOX+QcKa043xbuaXlldW1/HphY3Nre8fe3WuoOJWE1knMY9kKQFHOBK1rpjltJZJCFHDaDAY3k3rzgUrFYnGvhwn1I+gJFjIC2lgd+zAseRpSfIWdU+wp1ovgxFxm1LGLTtmZCi+Cm0ERZap17C+vG5M0okITDkq1XSfR/gikZoTTccFLFU2ADKBH2wYFRFT5o+kWY3xsnC4OY2mO0Hjq/p4YQaTUMApMZwS6r+ZrE/O/WjvV4YU/YiJJNRVk9lCYcqxjPIkEd5mkRPOhASCSmb9i0gcJRJvgCiYEd37lRWicld1K+fKuUqxeZ3Hk0QE6QiXkonNURbeohuqIoEf0jF7Rm/VkvVjv1sesNWdlM/voj6zPHysWlng=</latexit>

with A ⌧ 1

<latexit sha1_base64="yqnmc9r5+9vRRk8kIPIoL4ZCEZo=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoF6k4sVjBfsBbSib7aRdutmE3Y1QQn+EFw+KePX3ePPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvpv57SdUmsfy0UwS9CM6lDzkjBortW9JTwji9csVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+bnTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14ZWfcZmkBiVbLApTQUxMZr+TAVfIjJhYQpni9lbCRlRRZmxCJRuCt/zyKmldVL1a9fqhVqnf5HEU4QRO4Rw8uIQ63EMDmsBgDM/wCm9O4rw4787HorXg5DPH8AfO5w/3Eo6u</latexit>

we got f(⌧,�) = � +A ⌧ sin (�) +A2 c⌧2 � c⌧ + 20h⌧2 � 20h⌧

4(c+ 8h)
sin(2�) + . . .

<latexit sha1_base64="s6F9RiAH6WqPkfDBu1qtU6HBaRU="></latexit>

This was seen to agree with      from 1806.08376 by Flory and Miekley  CV

<latexit sha1_base64="qVs3L/wTucNReBqmCXlD1mVON0w=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiRSUDdS6MZlBfuAJpTJdNIOnUzCPIQS8htuXCji1p9x5984bbPQ1gMXDufcy733hClnSrvut1Pa2Nza3invVvb2Dw6PqscnXZUYSWiHJDyR/RArypmgHc00p/1UUhyHnPbCaWvu956oVCwRj3qW0iDGY8EiRrC2kp/5BHPUyodZNx9Wa27dXQCtE68gNSjQHla//FFCTEyFJhwrNfDcVAcZlpoRTvOKbxRNMZniMR1YKnBMVZAtbs7RhVVGKEqkLaHRQv09keFYqVkc2s4Y64la9ebif97A6OgmyJhIjaaCLBdFhiOdoHkAaMQkJZrPLMFEMnsrIhMsMdE2pooNwVt9eZ10r+peo3770Kg174o4ynAG53AJHlxDE+6hDR0gkMIzvMKbY5wX5935WLaWnGLmFP7A+fwB0suRjg==</latexit>

???
1811.03097 by Berlin,  Lewkowycz & Sarosi
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CFTs1+1 provide an invaluable lab for understanding complexity beyond free
QFTs in a way that might ultimately allow to make contact with holography

In 2005.02415 with Mario Flory we introduced and explored complexity for CFT1+1 that

• does not assign cost predominantly to U(1) factors
• is based on a well-posed variational problem with an initial and final cond

Our work opens many interesting directions, which include

• realizing circuits as path-integrals in curved geometry specified by
• connecting them to the path-integral optimization and holography
• detailed comparison with holographic complexity in AdS1+2

f(⌧,�)

<latexit sha1_base64="PxUPpZa2Y7TihZs0VtF8v+awBf0=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSxCBSmJFNSNFNy4rGAf0IQymU7aoTOTMA+hhn6JGxeKuPVT3Pk3TtsstPXAhcM593LvPVHKqNKe9+0U1tY3NreK26Wd3b39sntw2FaJkZi0cMIS2Y2QIowK0tJUM9JNJUE8YqQTjW9nfueRSEUT8aAnKQk5GgoaU4y0lfpuOa4GGplzGCg65Ois71a8mjcHXCV+TiogR7PvfgWDBBtOhMYMKdXzvVSHGZKaYkampcAokiI8RkPSs1QgTlSYzQ+fwlOrDGCcSFtCw7n6eyJDXKkJj2wnR3qklr2Z+J/XMzq+CjMqUqOJwItFsWFQJ3CWAhxQSbBmE0sQltTeCvEISYS1zapkQ/CXX14l7YuaX69d39crjZs8jiI4BiegCnxwCRrgDjRBC2BgwDN4BW/Ok/PivDsfi9aCk88cgT9wPn8AiWCSXw==</latexit>


