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Quantum error mitigation
• Ideal quantum computation prepares state                  , and we care about

<latexit sha1_base64="27qHg+BOMeEttDbpPgP36r9iG48=">AAACHHicbZDLSgMxFIYzXmu9VV26CRZBN2XGC4ogFNy4a4VehE4pmfS0DWYyQ3JGLMM8iBtfxY0LRdy4EHwb08vC2w+BL/85h+T8QSyFQdf9dGZm5+YXFnNL+eWV1bX1wsZmw0SJ5lDnkYz0dcAMSKGgjgIlXMcaWBhIaAY3F6N68xa0EZGq4TCGdsj6SvQEZ2itTuHQl0z1JdCKr8fQSX2EO0xFF5jMMnpOJ/eazvZ8PYhoZb9TKLoldyz6F7wpFMlU1U7h3e9GPAlBIZfMmJbnxthOmUbBJWR5PzEQM37D+tCyqFgIpp2Ol8vornW6tBdpexTSsft9ImWhMcMwsJ0hw4H5XRuZ/9VaCfZO26lQcYKg+OShXiIpRnSUFO0KDRzl0ALjWti/Uj5gmnG0eeZtCN7vlf9C46DkHZfcq6Ni+WwaR45skx2yRzxyQsrkklRJnXByTx7JM3lxHpwn59V5m7TOONOZLfJDzscXC92h6A==</latexit>

hOiideal = Tr(⇢O)

<latexit sha1_base64="yYKQmAzP1GfuPUR194U+9K90alw=">AAACanicjVHLSgMxFM2M7/qqCoq4CVbBjWVGFEVcCCK4ES1YK3RKyaS3NZjJDMkdsYyz8Bfd+QVu/AjTx0KrggcCh3PuyeMkTKQw6Hlvjjs2PjE5NT1TmJ2bX1gsLi3fmjjVHKo8lrG+C5kBKRRUUaCEu0QDi0IJtfDhrOfXHkEbEasb7CbQiFhHibbgDK3ULL48B5KpjgR6Feg+aWYBwhNmlfPLPN/9yxUtYDLPn0/+zKtYmO4/dmgWS17Z64P+JP6QlMgQ183ia9CKeRqBQi6ZMXXfS7CRMY2CS8gLQWogYfyBdaBuqWIRmEbWryqn21Zp0Xas7VJI++rXRMYiY7pRaCcjhvdm1OuJv3n1FNtHjUyoJEVQfHBQO5UUY9rrnbaEBo6yawnjWti7Un7PNONof6dgS/BHn/yT3O6V/YOyV9kvnR4P65gmG2ST7BCfHJJTckGuSZVw8u7MO6vOmvPhLrvr7sZg1HWGmRXyDe7WJ4TXvl0=</latexit>

|hOiQEM � hOiideal| < |hOinoisy � hOiideal|
• Error mitigation aims to get closer prediction w.r.t ideal state:

    and it can be performed on real device or in post-processing.

<latexit sha1_base64="lO0lOMgmg+OOAP2qrukEIioKP70=">AAACB3icbVDLSgMxFM3UV62vUZeCBIvgqsyIoghCwY3LCvYBnaFk0kwbmkmGJCOUaXdu/BU3LhRx6y+482/MTGehrQcu93DOvST3BDGjSjvOt1VaWl5ZXSuvVzY2t7Z37N29lhKJxKSJBROyEyBFGOWkqalmpBNLgqKAkXYwusn89gORigp+r8cx8SM04DSkGGkj9exDTw7F9cSLFfUk4gNGPJY3mEmTnl11ak4OuEjcglRBgUbP/vL6AicR4RozpFTXdWLtp0hqihmZVrxEkRjhERqQrqEcRUT5aX7HFB4bpQ9DIU1xDXP190aKIqXGUWAmI6SHat7LxP+8bqLDSz+lPE404Xj2UJgwqAXMQoF9KgnWbGwIwpKav0I8RBJhbaKrmBDc+ZMXSeu05p7XnLuzav2qiKMMDsAROAEuuAB1cAsaoAkweATP4BW8WU/Wi/VufcxGS1axsw/+wPr8AZ0omcE=</latexit>

⇢ = | ih |

<latexit sha1_base64="1vSvltsUz+kGcmKflwK9DQizeRA=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69BIvgqSSi6LHoxWMF+yFtKJvtpF26uwm7G6HE/govHhTx6s/x5r9x2+agrQ8GHu/NMDMvTDjTxvO+ncLK6tr6RnGztLW9s7tX3j9o6jhVFBs05rFqh0QjZxIbhhmO7UQhESHHVji6mfqtR1SaxfLejBMMBBlIFjFKjJUenryuInLAsVeueFVvBneZ+DmpQI56r/zV7cc0FSgN5UTrju8lJsiIMoxynJS6qcaE0BEZYMdSSQTqIJsdPHFPrNJ3o1jZksadqb8nMiK0HovQdgpihnrRm4r/eZ3URFdBxmSSGpR0vihKuWtid/q922cKqeFjSwhVzN7q0iFRhBqbUcmG4C++vEyaZ1X/ourdnVdq13kcRTiCYzgFHy6hBrdQhwZQEPAMr/DmKOfFeXc+5q0FJ585hD9wPn8AtnuQWQ==</latexit>

|0i
<latexit sha1_base64="1vSvltsUz+kGcmKflwK9DQizeRA=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69BIvgqSSi6LHoxWMF+yFtKJvtpF26uwm7G6HE/govHhTx6s/x5r9x2+agrQ8GHu/NMDMvTDjTxvO+ncLK6tr6RnGztLW9s7tX3j9o6jhVFBs05rFqh0QjZxIbhhmO7UQhESHHVji6mfqtR1SaxfLejBMMBBlIFjFKjJUenryuInLAsVeueFVvBneZ+DmpQI56r/zV7cc0FSgN5UTrju8lJsiIMoxynJS6qcaE0BEZYMdSSQTqIJsdPHFPrNJ3o1jZksadqb8nMiK0HovQdgpihnrRm4r/eZ3URFdBxmSSGpR0vihKuWtid/q922cKqeFjSwhVzN7q0iFRhBqbUcmG4C++vEyaZ1X/ourdnVdq13kcRTiCYzgFHy6hBrdQhwZQEPAMr/DmKOfFeXc+5q0FJ585hD9wPn8AtnuQWQ==</latexit>

|0i
<latexit sha1_base64="1vSvltsUz+kGcmKflwK9DQizeRA=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69BIvgqSSi6LHoxWMF+yFtKJvtpF26uwm7G6HE/govHhTx6s/x5r9x2+agrQ8GHu/NMDMvTDjTxvO+ncLK6tr6RnGztLW9s7tX3j9o6jhVFBs05rFqh0QjZxIbhhmO7UQhESHHVji6mfqtR1SaxfLejBMMBBlIFjFKjJUenryuInLAsVeueFVvBneZ+DmpQI56r/zV7cc0FSgN5UTrju8lJsiIMoxynJS6qcaE0BEZYMdSSQTqIJsdPHFPrNJ3o1jZksadqb8nMiK0HovQdgpihnrRm4r/eZ3URFdBxmSSGpR0vihKuWtid/q922cKqeFjSwhVzN7q0iFRhBqbUcmG4C++vEyaZ1X/ourdnVdq13kcRTiCYzgFHy6hBrdQhwZQEPAMr/DmKOfFeXc+5q0FJ585hD9wPn8AtnuQWQ==</latexit>

|0i
<latexit sha1_base64="1vSvltsUz+kGcmKflwK9DQizeRA=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69BIvgqSSi6LHoxWMF+yFtKJvtpF26uwm7G6HE/govHhTx6s/x5r9x2+agrQ8GHu/NMDMvTDjTxvO+ncLK6tr6RnGztLW9s7tX3j9o6jhVFBs05rFqh0QjZxIbhhmO7UQhESHHVji6mfqtR1SaxfLejBMMBBlIFjFKjJUenryuInLAsVeueFVvBneZ+DmpQI56r/zV7cc0FSgN5UTrju8lJsiIMoxynJS6qcaE0BEZYMdSSQTqIJsdPHFPrNJ3o1jZksadqb8nMiK0HovQdgpihnrRm4r/eZ3URFdBxmSSGpR0vihKuWtid/q922cKqeFjSwhVzN7q0iFRhBqbUcmG4C++vEyaZ1X/ourdnVdq13kcRTiCYzgFHy6hBrdQhwZQEPAMr/DmKOfFeXc+5q0FJ585hD9wPn8AtnuQWQ==</latexit>

|0i

<latexit sha1_base64="0CiJkvijpcrcH3pfHldvQWU3OJs=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKRY8FLx4rmLbQhrLZbtq1m92wuxFK6H/w4kERr/4fb/4bt2kO2vpg4PHeDDPzwoQzbVz32yltbG5t75R3K3v7B4dH1eOTjpapItQnkkvVC7GmnAnqG2Y47SWK4jjktBtObxd+94kqzaR4MLOEBjEeCxYxgo2VOv4w8xrzYbXm1t0caJ14BalBgfaw+jUYSZLGVBjCsdZ9z01MkGFlGOF0XhmkmiaYTPGY9i0VOKY6yPJr5+jCKiMUSWVLGJSrvycyHGs9i0PbGWMz0aveQvzP66cmugkyJpLUUEGWi6KUIyPR4nU0YooSw2eWYKKYvRWRCVaYGBtQxYbgrb68TjqNundVd++btVaziKMMZ3AOl+DBNbTgDtrgA4FHeIZXeHOk8+K8Ox/L1pJTzJzCHzifPwofjrs=</latexit>

U12

<latexit sha1_base64="Jgk9UmXc4GCMsdqPRc9/hh6ucj8=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0k0oseCF48VTFtoQ9lsN+3azW7Y3Qgl9D948aCIV/+PN/+N2zYHbX0w8Hhvhpl5UcqZNq777ZTW1jc2t8rblZ3dvf2D6uFRS8tMERoQyaXqRFhTzgQNDDOcdlJFcRJx2o7GtzO//USVZlI8mElKwwQPBYsZwcZKraCfX/rTfrXm1t050CrxClKDAs1+9as3kCRLqDCEY627npuaMMfKMMLptNLLNE0xGeMh7VoqcEJ1mM+vnaIzqwxQLJUtYdBc/T2R40TrSRLZzgSbkV72ZuJ/Xjcz8U2YM5FmhgqyWBRnHBmJZq+jAVOUGD6xBBPF7K2IjLDCxNiAKjYEb/nlVdK6qHtXdfferzX8Io4ynMApnIMH19CAO2hCAAQe4Rle4c2Rzovz7nwsWktOMXMMf+B8/gAQNY6/</latexit>

U34

<latexit sha1_base64="rs7cL/Yg437FMxUQmGBwt0uwurE=">AAAB7XicbVBNTwIxEJ3FL8Qv1KOXRmLiiewiRI8kXjxi4gIJbEi3dKHSbTdt14Rs+A9ePGiMV/+PN/+NBfag4EsmeXlvJjPzwoQzbVz32ylsbG5t7xR3S3v7B4dH5eOTtpapItQnkkvVDbGmnAnqG2Y47SaK4jjktBNObud+54kqzaR4MNOEBjEeCRYxgo2V2v4gq13NBuWKW3UXQOvEy0kFcrQG5a/+UJI0psIQjrXueW5iggwrwwins1I/1TTBZIJHtGepwDHVQba4doYurDJEkVS2hEEL9fdEhmOtp3FoO2NsxnrVm4v/eb3URDdBxkSSGirIclGUcmQkmr+OhkxRYvjUEkwUs7ciMsYKE2MDKtkQvNWX10m7VvUaVfe+XmnW8ziKcAbncAkeXEMT7qAFPhB4hGd4hTdHOi/Ou/OxbC04+cwp/IHz+QMNKo69</latexit>

U23

<latexit sha1_base64="JfOlLv7EO4mDxOTjgWpbGcBetUM=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseCF48VTFtoQ9lsN+3SzSbsToQS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MJXCoOt+O6WNza3tnfJuZW//4PCoenzSNkmmGfdZIhPdDanhUijuo0DJu6nmNA4l74STu7nfeeLaiEQ94jTlQUxHSkSCUbSS7w9ybzao1ty6uwBZJ15BalCgNah+9YcJy2KukElqTM9zUwxyqlEwyWeVfmZ4StmEjnjPUkVjboJ8ceyMXFhlSKJE21JIFurviZzGxkzj0HbGFMdm1ZuL/3m9DKPbIBcqzZArtlwUZZJgQuafk6HQnKGcWkKZFvZWwsZUU4Y2n4oNwVt9eZ20r+redd19aNSajSKOMpzBOVyCBzfQhHtogQ8MBDzDK7w5ynlx3p2PZWvJKWZO4Q+czx+Xyo5/</latexit>

U1

<latexit sha1_base64="VhhfU7lw+kBLMytjTe+CsIBu1CM=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseCF48VTFtoQ9lsJ+3SzSbsboQS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MBVcG9f9dkobm1vbO+Xdyt7+weFR9fikrZNMMfRZIhLVDalGwSX6hhuB3VQhjUOBnXByN/c7T6g0T+SjmaYYxHQkecQZNVby/UHemA2qNbfuLkDWiVeQGhRoDapf/WHCshilYYJq3fPc1AQ5VYYzgbNKP9OYUjahI+xZKmmMOsgXx87IhVWGJEqULWnIQv09kdNY62kc2s6YmrFe9ebif14vM9FtkHOZZgYlWy6KMkFMQuafkyFXyIyYWkKZ4vZWwsZUUWZsPhUbgrf68jppX9W967r70Kg1G0UcZTiDc7gED26gCffQAh8YcHiGV3hzpPPivDsfy9aSU8ycwh84nz+cWY6C</latexit>

U4

<latexit sha1_base64="0CiJkvijpcrcH3pfHldvQWU3OJs=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKRY8FLx4rmLbQhrLZbtq1m92wuxFK6H/w4kERr/4fb/4bt2kO2vpg4PHeDDPzwoQzbVz32yltbG5t75R3K3v7B4dH1eOTjpapItQnkkvVC7GmnAnqG2Y47SWK4jjktBtObxd+94kqzaR4MLOEBjEeCxYxgo2VOv4w8xrzYbXm1t0caJ14BalBgfaw+jUYSZLGVBjCsdZ9z01MkGFlGOF0XhmkmiaYTPGY9i0VOKY6yPJr5+jCKiMUSWVLGJSrvycyHGs9i0PbGWMz0aveQvzP66cmugkyJpLUUEGWi6KUIyPR4nU0YooSw2eWYKKYvRWRCVaYGBtQxYbgrb68TjqNundVd++btVaziKMMZ3AOl+DBNbTgDtrgA4FHeIZXeHOk8+K8Ox/L1pJTzJzCHzifPwofjrs=</latexit>

U12

<latexit sha1_base64="VhhfU7lw+kBLMytjTe+CsIBu1CM=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseCF48VTFtoQ9lsJ+3SzSbsboQS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MBVcG9f9dkobm1vbO+Xdyt7+weFR9fikrZNMMfRZIhLVDalGwSX6hhuB3VQhjUOBnXByN/c7T6g0T+SjmaYYxHQkecQZNVby/UHemA2qNbfuLkDWiVeQGhRoDapf/WHCshilYYJq3fPc1AQ5VYYzgbNKP9OYUjahI+xZKmmMOsgXx87IhVWGJEqULWnIQv09kdNY62kc2s6YmrFe9ebif14vM9FtkHOZZgYlWy6KMkFMQuafkyFXyIyYWkKZ4vZWwsZUUWZsPhUbgrf68jppX9W967r70Kg1G0UcZTiDc7gED26gCffQAh8YcHiGV3hzpPPivDsfy9aSU8ycwh84nz+cWY6C</latexit>

U4
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• Real devices have noise/decoherence, so the expectation value changes
<latexit sha1_base64="pwd2gv3B6QD7WkM2JB/gTjeVSD4="></latexit>

hOinoisy = Tr (⇢EO)
<latexit sha1_base64="1vSvltsUz+kGcmKflwK9DQizeRA=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69BIvgqSSi6LHoxWMF+yFtKJvtpF26uwm7G6HE/govHhTx6s/x5r9x2+agrQ8GHu/NMDMvTDjTxvO+ncLK6tr6RnGztLW9s7tX3j9o6jhVFBs05rFqh0QjZxIbhhmO7UQhESHHVji6mfqtR1SaxfLejBMMBBlIFjFKjJUenryuInLAsVeueFVvBneZ+DmpQI56r/zV7cc0FSgN5UTrju8lJsiIMoxynJS6qcaE0BEZYMdSSQTqIJsdPHFPrNJ3o1jZksadqb8nMiK0HovQdgpihnrRm4r/eZ3URFdBxmSSGpR0vihKuWtid/q922cKqeFjSwhVzN7q0iFRhBqbUcmG4C++vEyaZ1X/ourdnVdq13kcRTiCYzgFHy6hBrdQhwZQEPAMr/DmKOfFeXc+5q0FJ585hD9wPn8AtnuQWQ==</latexit>

|0i
<latexit sha1_base64="1vSvltsUz+kGcmKflwK9DQizeRA=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69BIvgqSSi6LHoxWMF+yFtKJvtpF26uwm7G6HE/govHhTx6s/x5r9x2+agrQ8GHu/NMDMvTDjTxvO+ncLK6tr6RnGztLW9s7tX3j9o6jhVFBs05rFqh0QjZxIbhhmO7UQhESHHVji6mfqtR1SaxfLejBMMBBlIFjFKjJUenryuInLAsVeueFVvBneZ+DmpQI56r/zV7cc0FSgN5UTrju8lJsiIMoxynJS6qcaE0BEZYMdSSQTqIJsdPHFPrNJ3o1jZksadqb8nMiK0HovQdgpihnrRm4r/eZ3URFdBxmSSGpR0vihKuWtid/q922cKqeFjSwhVzN7q0iFRhBqbUcmG4C++vEyaZ1X/ourdnVdq13kcRTiCYzgFHy6hBrdQhwZQEPAMr/DmKOfFeXc+5q0FJ585hD9wPn8AtnuQWQ==</latexit>

|0i
<latexit sha1_base64="1vSvltsUz+kGcmKflwK9DQizeRA=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69BIvgqSSi6LHoxWMF+yFtKJvtpF26uwm7G6HE/govHhTx6s/x5r9x2+agrQ8GHu/NMDMvTDjTxvO+ncLK6tr6RnGztLW9s7tX3j9o6jhVFBs05rFqh0QjZxIbhhmO7UQhESHHVji6mfqtR1SaxfLejBMMBBlIFjFKjJUenryuInLAsVeueFVvBneZ+DmpQI56r/zV7cc0FSgN5UTrju8lJsiIMoxynJS6qcaE0BEZYMdSSQTqIJsdPHFPrNJ3o1jZksadqb8nMiK0HovQdgpihnrRm4r/eZ3URFdBxmSSGpR0vihKuWtid/q922cKqeFjSwhVzN7q0iFRhBqbUcmG4C++vEyaZ1X/ourdnVdq13kcRTiCYzgFHy6hBrdQhwZQEPAMr/DmKOfFeXc+5q0FJ585hD9wPn8AtnuQWQ==</latexit>

|0i
<latexit sha1_base64="1vSvltsUz+kGcmKflwK9DQizeRA=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69BIvgqSSi6LHoxWMF+yFtKJvtpF26uwm7G6HE/govHhTx6s/x5r9x2+agrQ8GHu/NMDMvTDjTxvO+ncLK6tr6RnGztLW9s7tX3j9o6jhVFBs05rFqh0QjZxIbhhmO7UQhESHHVji6mfqtR1SaxfLejBMMBBlIFjFKjJUenryuInLAsVeueFVvBneZ+DmpQI56r/zV7cc0FSgN5UTrju8lJsiIMoxynJS6qcaE0BEZYMdSSQTqIJsdPHFPrNJ3o1jZksadqb8nMiK0HovQdgpihnrRm4r/eZ3URFdBxmSSGpR0vihKuWtid/q922cKqeFjSwhVzN7q0iFRhBqbUcmG4C++vEyaZ1X/ourdnVdq13kcRTiCYzgFHy6hBrdQhwZQEPAMr/DmKOfFeXc+5q0FJ585hD9wPn8AtnuQWQ==</latexit>
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<latexit sha1_base64="mXeK6YJ7JmcY2PhqevhuzmT/AzE=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16WSyCp5KUih4LXjxWMG2hDWGzmbRLNx/sbtQS8le8eFDEq3/Em//GbZuDtj4YeLw3w8w8P+VMKsv6Niobm1vbO9Xd2t7+weGReVzvySQTFBya8EQMfCKBsxgcxRSHQSqARD6Hvj+9mfv9BxCSJfG9mqXgRmQcs5BRorTkmfXRIwtAMR5A7hRebrcKz2xYTWsBvE7skjRQia5nfo2ChGYRxIpyIuXQtlLl5kQoRjkUtVEmISV0SsYw1DQmEUg3X9xe4HOtBDhMhK5Y4YX6eyInkZSzyNedEVETuerNxf+8YabCazdncZopiOlyUZhxrBI8DwIHTABVfKYJoYLpWzGdEEGo0nHVdAj26svrpNdq2pdN667d6LTLOKroFJ2hC2SjK9RBt6iLHETRE3pGr+jNKIwX4934WLZWjHLmBP2B8fkDInWUcw==</latexit>

eU12

<latexit sha1_base64="jgAh8bj9ojiullHadEB114OJSS8=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16CRbBU0m0oseCF48VTFtoQ9hsJu3SzSbsbtQS8le8eFDEq3/Em//GbZuDtj4YeLw3w8y8IGVUKtv+Nipr6xubW9Xt2s7u3v6BeVjvyiQTBFySsET0AyyBUQ6uoopBPxWA44BBL5jczPzeAwhJE36vpil4MR5xGlGClZZ8sz58pCEoykLI3cLPL1qFbzbspj2HtUqckjRQiY5vfg3DhGQxcEUYlnLg2KnyciwUJQyK2jCTkGIywSMYaMpxDNLL57cX1qlWQitKhC6urLn6eyLHsZTTONCdMVZjuezNxP+8Qaaiay+nPM0UcLJYFGXMUok1C8IKqQCi2FQTTATVt1pkjAUmSsdV0yE4yy+vku5507ls2netRrtVxlFFx+gEnSEHXaE2ukUd5CKCntAzekVvRmG8GO/Gx6K1YpQzR+gPjM8fKIuUdw==</latexit>

eU34

<latexit sha1_base64="SieuebIXBrqQIkHt2GA/qdJoh3s=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16CRbBU0mkoseCF48VTFtoQ9hsJu3SzSbsbiwl5qd48aCIV3+JN/+N2zYHbX0w8Hhvhpl5QcqoVLb9bVQ2Nre2d6q7tb39g8Mjs37clUkmCLgkYYnoB1gCoxxcRRWDfioAxwGDXjC5nfu9RxCSJvxBzVLwYjziNKIEKy35Zn04pSEoykLI3cLPncI3G3bTXsBaJ05JGqhExze/hmFCshi4IgxLOXDsVHk5FooSBkVtmElIMZngEQw05TgG6eWL0wvrXCuhFSVCF1fWQv09keNYylkc6M4Yq7Fc9ebif94gU9GNl1OeZgo4WS6KMmapxJrnYIVUAFFspgkmgupbLTLGAhOl06rpEJzVl9dJ97LpXDXt+1aj3SrjqKJTdIYukIOuURvdoQ5yEUFT9Ixe0ZvxZLwY78bHsrVilDMn6A+Mzx+q2pQ3</latexit>

eU1

<latexit sha1_base64="ufy4o3pJPpdkmFGWOpe3bj/Tf2s=">AAAB+3icbVBNS8NAEN34WetXrEcvwSJ4Kkmt6LHgxWMF0xbaEDabSbt0swm7G7WE/BUvHhTx6h/x5r9x2+agrQ8GHu/NMDMvSBmVyra/jbX1jc2t7cpOdXdv/+DQPKp1ZZIJAi5JWCL6AZbAKAdXUcWgnwrAccCgF0xuZn7vAYSkCb9X0xS8GI84jSjBSku+WRs+0hAUZSHkbuHnzYvCN+t2w57DWiVOSeqoRMc3v4ZhQrIYuCIMSzlw7FR5ORaKEgZFdZhJSDGZ4BEMNOU4Bunl89sL60wroRUlQhdX1lz9PZHjWMppHOjOGKuxXPZm4n/eIFPRtZdTnmYKOFksijJmqcSaBWGFVABRbKoJJoLqWy0yxgITpeOq6hCc5ZdXSbfZcC4b9l2r3m6VcVTQCTpF58hBV6iNblEHuYigJ/SMXtGbURgvxrvxsWhdM8qZY/QHxucPJYCUdQ==</latexit>

eU23

<latexit sha1_base64="kkT2XX5BHWf26bCImIfmSzdwL8Y=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16CRbBU0mkoseCF48VTFtoQ9hsJu3SzSbsbiwl5qd48aCIV3+JN/+N2zYHbX0w8Hhvhpl5QcqoVLb9bVQ2Nre2d6q7tb39g8Mjs37clUkmCLgkYYnoB1gCoxxcRRWDfioAxwGDXjC5nfu9RxCSJvxBzVLwYjziNKIEKy35Zn04pSEoykLI3cLPW4VvNuymvYC1TpySNFCJjm9+DcOEZDFwRRiWcuDYqfJyLBQlDIraMJOQYjLBIxhoynEM0ssXpxfWuVZCK0qELq6shfp7IsexlLM40J0xVmO56s3F/7xBpqIbL6c8zRRwslwUZcxSiTXPwQqpAKLYTBNMBNW3WmSMBSZKp1XTITirL6+T7mXTuWra961Gu1XGUUWn6AxdIAddoza6Qx3kIoKm6Bm9ojfjyXgx3o2PZWvFKGdO0B8Ynz+vaZQ6</latexit>

eU4

<latexit sha1_base64="mXeK6YJ7JmcY2PhqevhuzmT/AzE=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16WSyCp5KUih4LXjxWMG2hDWGzmbRLNx/sbtQS8le8eFDEq3/Em//GbZuDtj4YeLw3w8w8P+VMKsv6Niobm1vbO9Xd2t7+weGReVzvySQTFBya8EQMfCKBsxgcxRSHQSqARD6Hvj+9mfv9BxCSJfG9mqXgRmQcs5BRorTkmfXRIwtAMR5A7hRebrcKz2xYTWsBvE7skjRQia5nfo2ChGYRxIpyIuXQtlLl5kQoRjkUtVEmISV0SsYw1DQmEUg3X9xe4HOtBDhMhK5Y4YX6eyInkZSzyNedEVETuerNxf+8YabCazdncZopiOlyUZhxrBI8DwIHTABVfKYJoYLpWzGdEEGo0nHVdAj26svrpNdq2pdN667d6LTLOKroFJ2hC2SjK9RBt6iLHETRE3pGr+jNKIwX4934WLZWjHLmBP2B8fkDInWUcw==</latexit>

eU12

<latexit sha1_base64="kkT2XX5BHWf26bCImIfmSzdwL8Y=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16CRbBU0mkoseCF48VTFtoQ9hsJu3SzSbsbiwl5qd48aCIV3+JN/+N2zYHbX0w8Hhvhpl5QcqoVLb9bVQ2Nre2d6q7tb39g8Mjs37clUkmCLgkYYnoB1gCoxxcRRWDfioAxwGDXjC5nfu9RxCSJvxBzVLwYjziNKIEKy35Zn04pSEoykLI3cLPW4VvNuymvYC1TpySNFCJjm9+DcOEZDFwRRiWcuDYqfJyLBQlDIraMJOQYjLBIxhoynEM0ssXpxfWuVZCK0qELq6shfp7IsexlLM40J0xVmO56s3F/7xBpqIbL6c8zRRwslwUZcxSiTXPwQqpAKLYTBNMBNW3WmSMBSZKp1XTITirL6+T7mXTuWra961Gu1XGUUWn6AxdIAddoza6Qx3kIoKm6Bm9ojfjyXgx3o2PZWvFKGdO0B8Ynz+vaZQ6</latexit>

eU4



Quantum error mitigation
• Some existing error mitigation method:

1. Zero noise extrapolation (assume constant noise)


2. Probabilistic error cancellation (request process tomography)

• Can we use intermediate scale resources fruitfully without employing the 
machinery of fault tolerance?

4. Subspace expansion (SE): error correction code w/o active correction

<latexit sha1_base64="LJvKcio88QeY0gV7JrTc4dd0QNQ="></latexit>

P = ⇧m
i=1

I+ Si

2
=

1

2m
P

Mi2S Mi

<latexit sha1_base64="56gpQOpRoZ3P+glWRKT88WYzbXM="></latexit>

hOi = 1

c2m
P

i Tr (⇢EMiO)
<latexit sha1_base64="gdPx3aJCgPSIXdpcWxnZ6ZZXtEg=">AAACF3icbVDJSgNBEO2JW4xb1KOXwUSIlzATEEUQAiJ4jJANMiH0dGqSJj0L3TViGOYvvPgrXjwo4lVv/o2d5aCJDwoe71VRVc+NBFdoWd9GZmV1bX0ju5nb2t7Z3cvvHzRVGEsGDRaKULZdqkDwABrIUUA7kkB9V0DLHV1P/NY9SMXDoI7jCLo+HQTc44yilnr5cpFdOQgPmNRl6gjwsFRz5DDsJY5PccioSG7SVEt8MMTTYi9fsMrWFOYyseekQOao9fJfTj9ksQ8BMkGV6thWhN2ESuRMQJpzYgURZSM6gI6mAfVBdZPpX6l5opW+6YVSV4DmVP09kVBfqbHv6s7JsWrRm4j/eZ0YvYtuwoMoRgjYbJEXCxNDcxKS2ecSGIqxJpRJrm812ZBKylBHmdMh2IsvL5NmpWyfla27SqF6OY8jS47IMSkRm5yTKrklNdIgjDySZ/JK3own48V4Nz5mrRljPnNI/sD4/AGBY6AZ</latexit>

c = Tr (P⇢EP )

(exponential many measurements)

• Projection to logical subspace:

• Projecting out non-logical error:

3. Virtual distillation (VD):
<latexit sha1_base64="hwCLBrvHOd4/LNe99ZingsshO04="></latexit>

hOiQEM =
Tr(O⇢

M )

Tr(⇢M )

(request multiple copies of states)

<latexit sha1_base64="HUTR5c9qWnEOG6x2t/gn6giDiBQ=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKexKRI8BLx4jmAckS5idzCZD5rHMzAphyS948aCIV3/Im3/jbLIHTSxoKKq66e6KEs6M9f1vr7SxubW9U96t7O0fHB5Vj086RqWa0DZRXOlehA3lTNK2ZZbTXqIpFhGn3Wh6l/vdJ6oNU/LRzhIaCjyWLGYE21wa6IkaVmt+3V8ArZOgIDUo0BpWvwYjRVJBpSUcG9MP/MSGGdaWEU7nlUFqaILJFI9p31GJBTVhtrh1ji6cMkKx0q6kRQv190SGhTEzEblOge3ErHq5+J/XT218G2ZMJqmlkiwXxSlHVqH8cTRimhLLZ45gopm7FZEJ1phYF0/FhRCsvrxOOlf14LruPzRqzUYRRxnO4BwuIYAbaMI9tKANBCbwDK/w5gnvxXv3PpatJa+YOYU/8D5/ABzIjj0=</latexit>⇢
<latexit sha1_base64="HUTR5c9qWnEOG6x2t/gn6giDiBQ=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKexKRI8BLx4jmAckS5idzCZD5rHMzAphyS948aCIV3/Im3/jbLIHTSxoKKq66e6KEs6M9f1vr7SxubW9U96t7O0fHB5Vj086RqWa0DZRXOlehA3lTNK2ZZbTXqIpFhGn3Wh6l/vdJ6oNU/LRzhIaCjyWLGYE21wa6IkaVmt+3V8ArZOgIDUo0BpWvwYjRVJBpSUcG9MP/MSGGdaWEU7nlUFqaILJFI9p31GJBTVhtrh1ji6cMkKx0q6kRQv190SGhTEzEblOge3ErHq5+J/XT218G2ZMJqmlkiwXxSlHVqH8cTRimhLLZ45gopm7FZEJ1phYF0/FhRCsvrxOOlf14LruPzRqzUYRRxnO4BwuIYAbaMI9tKANBCbwDK/w5gnvxXv3PpatJa+YOYU/8D5/ABzIjj0=</latexit>⇢

<latexit sha1_base64="HUTR5c9qWnEOG6x2t/gn6giDiBQ=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKexKRI8BLx4jmAckS5idzCZD5rHMzAphyS948aCIV3/Im3/jbLIHTSxoKKq66e6KEs6M9f1vr7SxubW9U96t7O0fHB5Vj086RqWa0DZRXOlehA3lTNK2ZZbTXqIpFhGn3Wh6l/vdJ6oNU/LRzhIaCjyWLGYE21wa6IkaVmt+3V8ArZOgIDUo0BpWvwYjRVJBpSUcG9MP/MSGGdaWEU7nlUFqaILJFI9p31GJBTVhtrh1ji6cMkKx0q6kRQv190SGhTEzEblOge3ErHq5+J/XT218G2ZMJqmlkiwXxSlHVqH8cTRimhLLZ45gopm7FZEJ1phYF0/FhRCsvrxOOlf14LruPzRqzUYRRxnO4BwuIYAbaMI9tKANBCbwDK/w5gnvxXv3PpatJa+YOYU/8D5/ABzIjj0=</latexit>⇢

<latexit sha1_base64="HUTR5c9qWnEOG6x2t/gn6giDiBQ=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKexKRI8BLx4jmAckS5idzCZD5rHMzAphyS948aCIV3/Im3/jbLIHTSxoKKq66e6KEs6M9f1vr7SxubW9U96t7O0fHB5Vj086RqWa0DZRXOlehA3lTNK2ZZbTXqIpFhGn3Wh6l/vdJ6oNU/LRzhIaCjyWLGYE21wa6IkaVmt+3V8ArZOgIDUo0BpWvwYjRVJBpSUcG9MP/MSGGdaWEU7nlUFqaILJFI9p31GJBTVhtrh1ji6cMkKx0q6kRQv190SGhTEzEblOge3ErHq5+J/XT218G2ZMJqmlkiwXxSlHVqH8cTRimhLLZ45gopm7FZEJ1phYF0/FhRCsvrxOOlf14LruPzRqzUYRRxnO4BwuIYAbaMI9tKANBCbwDK/w5gnvxXv3PpatJa+YOYU/8D5/ABzIjj0=</latexit>⇢ <latexit sha1_base64="HUTR5c9qWnEOG6x2t/gn6giDiBQ=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKexKRI8BLx4jmAckS5idzCZD5rHMzAphyS948aCIV3/Im3/jbLIHTSxoKKq66e6KEs6M9f1vr7SxubW9U96t7O0fHB5Vj086RqWa0DZRXOlehA3lTNK2ZZbTXqIpFhGn3Wh6l/vdJ6oNU/LRzhIaCjyWLGYE21wa6IkaVmt+3V8ArZOgIDUo0BpWvwYjRVJBpSUcG9MP/MSGGdaWEU7nlUFqaILJFI9p31GJBTVhtrh1ji6cMkKx0q6kRQv190SGhTEzEblOge3ErHq5+J/XT218G2ZMJqmlkiwXxSlHVqH8cTRimhLLZ45gopm7FZEJ1phYF0/FhRCsvrxOOlf14LruPzRqzUYRRxnO4BwuIYAbaMI9tKANBCbwDK/w5gnvxXv3PpatJa+YOYU/8D5/ABzIjj0=</latexit>⇢ <latexit sha1_base64="HUTR5c9qWnEOG6x2t/gn6giDiBQ=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKexKRI8BLx4jmAckS5idzCZD5rHMzAphyS948aCIV3/Im3/jbLIHTSxoKKq66e6KEs6M9f1vr7SxubW9U96t7O0fHB5Vj086RqWa0DZRXOlehA3lTNK2ZZbTXqIpFhGn3Wh6l/vdJ6oNU/LRzhIaCjyWLGYE21wa6IkaVmt+3V8ArZOgIDUo0BpWvwYjRVJBpSUcG9MP/MSGGdaWEU7nlUFqaILJFI9p31GJBTVhtrh1ji6cMkKx0q6kRQv190SGhTEzEblOge3ErHq5+J/XT218G2ZMJqmlkiwXxSlHVqH8cTRimhLLZ45gopm7FZEJ1phYF0/FhRCsvrxOOlf14LruPzRqzUYRRxnO4BwuIYAbaMI9tKANBCbwDK/w5gnvxXv3PpatJa+YOYU/8D5/ABzIjj0=</latexit>⇢

<latexit sha1_base64="EA262dGcF0h+6eDIQWmOmerWs/o=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseCF2+2YGuhDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjto5TxbDFYhGrTkA1Ci6xZbgR2EkU0igQ+BCMb2b+wxMqzWN5byYJ+hEdSh5yRo2Vmnf9csWtunOQVeLlpAI5Gv3yV28QszRCaZigWnc9NzF+RpXhTOC01Es1JpSN6RC7lkoaofaz+aFTcmaVAQljZUsaMld/T2Q00noSBbYzomakl72Z+J/XTU147WdcJqlByRaLwlQQE5PZ12TAFTIjJpZQpri9lbARVZQZm03JhuAtv7xK2hdV77LqNmuVei2PowgncArn4MEV1OEWGtACBgjP8ApvzqPz4rw7H4vWgpPPHMMfOJ8/pTGMyQ==</latexit>

O

<latexit sha1_base64="EA262dGcF0h+6eDIQWmOmerWs/o=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseCF2+2YGuhDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjto5TxbDFYhGrTkA1Ci6xZbgR2EkU0igQ+BCMb2b+wxMqzWN5byYJ+hEdSh5yRo2Vmnf9csWtunOQVeLlpAI5Gv3yV28QszRCaZigWnc9NzF+RpXhTOC01Es1JpSN6RC7lkoaofaz+aFTcmaVAQljZUsaMld/T2Q00noSBbYzomakl72Z+J/XTU147WdcJqlByRaLwlQQE5PZ12TAFTIjJpZQpri9lbARVZQZm03JhuAtv7xK2hdV77LqNmuVei2PowgncArn4MEV1OEWGtACBgjP8ApvzqPz4rw7H4vWgpPPHMMfOJ8/pTGMyQ==</latexit>

O



Classical shadow representation

• Key observation: both SE and VD can be efficiently evaluated with classical 
shadow tomography in the post-processing phase

• Dataset:
<latexit sha1_base64="l5ZBBXPe5gYjIxr4YSy44tQfZsg=">AAACIHicbVDLSgMxFM34tr6qLt0Ei+BCyoxUdCMIblwqOCo0tdxJb6fBTGZIMkIZ51Pc+CtuXCiiO/0a08fC14HLPZxzL8k9USaFsb7/4U1MTk3PzM7NVxYWl5ZXqqtrFybNNceQpzLVVxEYlEJhaIWVeJVphCSSeBndHA/8y1vURqTq3PYzbCUQK9EVHKyT2tV9VrAe2IIZESdQtotwJyoPw+uCdSCOUZd3EdOgYomUyVGP7kJWtqs1v+4PQf+SYExqZIzTdvWddVKeJ6gsl2BMM/Az2ypAW8EllhWWG8yA30CMTUcVJGhaxfDAkm45pUO7qXalLB2q3zcKSIzpJ5GbTMD2zG9vIP7nNXPbPWgVQmW5RcVHD3VzSW1KB2nRjtDIrew7AlwL91fKe6CBW5dpxYUQ/D75L7nYrQd7df+sUTtqjOOYIxtkk2yTgOyTI3JCTklIOLknj+SZvHgP3pP36r2NRie88c46+QHv8wt0CqRS</latexit>

{�̂U,b = U †|bihb|U}
<latexit sha1_base64="MBt5Uy3DlJX9mzPsp7YkOeB7hrA=">AAACKXicbVDLSsNAFJ34rPVVdekmWIQWpCRS0Y1QcOOyQtMWmhIm00kzdPJg5kYsMb/jxl9xo6CoW3/EadqFtj0wcDjnXO7c48acSTCML21ldW19Y7OwVdze2d3bLx0ctmWUCEItEvFIdF0sKWchtYABp91YUBy4nHbc0c3E79xTIVkUtmAc036AhyHzGMGgJKfUaFZsH0NqSzYMcOak1pmbPdrCj6rXzYpVtYE+QNoS2ZJYnnJKZaNm5NAXiTkjZTRD0ym92YOIJAENgXAsZc80YuinWAAjnGZFO5E0xmSEh7SnaIgDKvtpfmmmnyploHuRUC8EPVf/TqQ4kHIcuCoZYPDlvDcRl3m9BLyrfsrCOAEakukiL+E6RPqkNn3ABCXAx4pgIpj6q058LDABVW5RlWDOn7xI2uc186Jm3NXLjfqsjgI6Rieogkx0iRroFjWRhQh6Qi/oHX1oz9qr9ql9T6Mr2mzmCP2D9vMLgDOnWw==</latexit>

P (�̂U,b|⇢) = P (U)Tr(�̂U,b⇢)with

Classical Post-processing

Compute nonlinear 
properties

<latexit sha1_base64="U8sSrO0X517yGmc+q+CsCcq3+xU=">AAAB73icdVDLSgMxFM3UV62vqks3wSK4GmamT3cFNy4r2Ae0Y8mkmTY0k4xJRihDf8KNC0Xc+jvu/BszbQUVPXDhcM693HtPEDOqtON8WLm19Y3Nrfx2YWd3b/+geHjUUSKRmLSxYEL2AqQIo5y0NdWM9GJJUBQw0g2ml5nfvSdSUcFv9CwmfoTGnIYUI22k3kBOxG06nQ+LJce+aNS8qgcd23HqXrmWEa9e8crQNUqGElihNSy+D0YCJxHhGjOkVN91Yu2nSGqKGZkXBokiMcJTNCZ9QzmKiPLTxb1zeGaUEQyFNMU1XKjfJ1IUKTWLAtMZIT1Rv71M/MvrJzps+CnlcaIJx8tFYcKgFjB7Ho6oJFizmSEIS2puhXiCJMLaRFQwIXx9Cv8nHc92q7ZzXSk1K6s48uAEnIJz4II6aIIr0AJtgAEDD+AJPFt31qP1Yr0uW3PWauYY/ID19gnFJZBq</latexit>

⇢k
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Printed by Wolfram Mathematica Student Edition

• Classical shadow representation:
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Printed by Wolfram Mathematica Student Edition

Quantum Experiment Classical Representation

<latexit sha1_base64="VFeaYgGsmNzQYZumKPTqAbA01uw=">AAACCXicbVBNS8NAEN34WetX1KOXxVaol5IURC9KQQSPFUxbaELZbDft0s0m7G6EEnP14l/x4kERr/4Db/4bN20O2vpg4PHeDDPz/JhRqSzr21haXlldWy9tlDe3tnd2zb39towSgYmDIxaJro8kYZQTR1HFSDcWBIU+Ix1/fJX7nXsiJI34nZrExAvRkNOAYqS01Ddh1XEpd0OkRhix9Drrp0524abOQ6vmnLhZtW9WrLo1BVwkdkEqoECrb365gwgnIeEKMyRlz7Zi5aVIKIoZycpuIkmM8BgNSU9TjkIivXT6SQaPtTKAQSR0cQWn6u+JFIVSTkJfd+Yny3kvF//zeokKzr2U8jhRhOPZoiBhUEUwjwUOqCBYsYkmCAuqb4V4hATCSodX1iHY8y8vknajbp/WrdtGpXlZxFECh+AI1IANzkAT3IAWcAAGj+AZvII348l4Md6Nj1nrklHMHIA/MD5/AIL/mYw=</latexit>

U 2 EU = {U |P (U)}
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Printed by Wolfram Mathematica Student Edition

<latexit sha1_base64="G9IDfToAbtCxYkAOpE4ixggfVys=">AAACHHicbVBNS8NAEN34bf2qevSyWAQPUhKt6EUQvHhUMLbQ1DLZTtPFzSbsboQS80O8+Fe8eFDEiwfBf+O29qCtD4Z5vDfD7rwwFVwb1/1ypqZnZufmFxZLS8srq2vl9Y1rnWSKoc8SkahGCBoFl+gbbgQ2UoUQhwLr4e3ZwK/fodI8kVemn2IrhkjyLmdgrNQuHwQ9MHmgeRRD0c79vbA48W/yoANRhKq4DwMFMhIYiGGj4T312+WKW3WHoJPEG5EKGeGiXf4IOgnLYpSGCdC66bmpaeWgDGcCi1KQaUyB3UKETUslxKhb+fC4gu5YpUO7ibIlDR2qvzdyiLXux6GdjMH09Lg3EP/zmpnpHrdyLtPMoGQ/D3UzQU1CB0nRDlfIjOhbAkxx+1fKeqCAGZtnyYbgjZ88Sa73q95h1b2sVU5rozgWyBbZJrvEI0fklJyTC+ITRh7IE3khr86j8+y8Oe8/o1POaGeT/IHz+Q39AqJ6</latexit>

�̂U,b = U †|bihb|U

• Reconstructing density matrix:
<latexit sha1_base64="y7VxU4YSa/HB/cUesezAwRl2sHc="></latexit>

⇢ = M�1[�̄] = E
�̂2E�|⇢

M�1[�̂]
<latexit sha1_base64="y7VxU4YSa/HB/cUesezAwRl2sHc="></latexit>

⇢ = M�1[�̄] = E
�̂2E�|⇢

M�1[�̂]

• Any quantum state can be represented by a linear combination of 
stabilizer states



Logical shadow tomography

• General framework:
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<latexit sha1_base64="k+LTiwdml5kJXRe3JV+1nqNVe50=">AAAB9HicbVBNT8JAEN3iF+IX6tFLIzHxRFqD0SMJF4+YWCCBhmyXKWzYbuvulEgafocXDxrj1R/jzX/jAj0o+JJJXt6bycy8IBFco+N8W4WNza3tneJuaW//4PCofHzS0nGqGHgsFrHqBFSD4BI85CigkyigUSCgHYwbc789AaV5LB9wmoAf0aHkIWcUjeR7/ayH8IRZQ8xm/XLFqToL2OvEzUmF5Gj2y1+9QczSCCQyQbXuuk6CfkYVciZgVuqlGhLKxnQIXUMljUD72eLomX1hlIEdxsqURHuh/p7IaKT1NApMZ0RxpFe9ufif100xvPUzLpMUQbLlojAVNsb2PAF7wBUwFFNDKFPc3GqzEVWUocmpZEJwV19eJ62rqntdde5rlXotj6NIzsg5uSQuuSF1ckeaxCOMPJJn8krerIn1Yr1bH8vWgpXPnJI/sD5/AEyrkmY=</latexit>

UCl

• Error correction code defines logical 

subspace:
<latexit sha1_base64="LJvKcio88QeY0gV7JrTc4dd0QNQ="></latexit>

P = ⇧m
i=1

I+ Si

2
=

1

2m
P

Mi2S Mi

<latexit sha1_base64="uC2hJNCCzFfKzHnQ/LqIbo34xAs="></latexit>

hOiLST =
1

c
Tr(Pf(⇢✏)PO)

<latexit sha1_base64="S0/P7xhOHvjim6V5vvcqAESoA8E=">AAACCnicbVA9SwNBEN3zM8av+NHZnAYhacKdKNoIgo1lBKNC7jj2NnNmyd7usTsnhiO1jX/FxkIRW3+Bnf/GTWKh0QcDj/dmmJkXZ4Ib9LxPZ2p6ZnZuvrRQXlxaXlmtrK1fGpVrBi2mhNLXMTUguIQWchRwnWmgaSzgKu6dDv2rW9CGK3mB/QzClN5InnBG0UpRZZsdBwh3WFzoQa2Z1ALdVVERQGa4UHJQb9ajStVreCO4f4n/Taonm8kIzajyEXQUy1OQyAQ1pu17GYYF1ciZgEE5yA1klPXoDbQtlTQFExajVwburlU6bqK0LYnuSP05UdDUmH4a286UYtdMekPxP6+dY3IUFlxmOYJk40VJLlxU7jAXt8M1MBR9SyjT3N7qsi7VlKFNr2xD8Cdf/ksu9xr+QcM7t2nskzFKZIvskBrxySE5IWekSVqEkXvySJ7Ji/PgPDmvztu4dcr5ntkgv+C8fwGhjJ0Y</latexit>

c = Tr(Pf(⇢✏)P )

• Logical shadow tomography:

where
<latexit sha1_base64="o2vbzOmwb6VPCMr1akhZwP1ZeW8=">AAACMnicbVDLSgMxFM34rPU1PnZugkWoFMpMUXQjFNzYXQX7gE4dMmmmDc0kQ5IRytBvcuOXCC50oYhbP8J02oW2HggczrmHm3uCmFGlHefVWlpeWV1bz23kN7e2d3btvf2mEonEpIEFE7IdIEUY5aShqWakHUuCooCRVjC8nvitByIVFfxOj2LSjVCf05BipI3k27Ww6MmB8FOPxIoywcenV9h3aiXsu3DOMVplXrtPK+OS1xNa+XbBKTsZ4CJxZ6RQPQwz1H372eRwEhGuMUNKdVwn1t0USU0xI+O8lygSIzxEfdIxlKOIqG6anTyGJ0bpwVBI87iGmfo7kaJIqVEUmMkI6YGa9ybif14n0eFlN6U8TjTheLooTBjUAk76gz0qCdZsZAjCkpq/QjxAEmFtWs6bEtz5kxdJs1J2z8vOrWnjDEyRA0fgGBSBCy5AFdyAOmgADB7BC3gHH9aT9WZ9Wl/T0SVrljkAf2B9/wAiQ62a</latexit>

f(⇢✏) = c0I + c1⇢✏ + c2⇢
2
✏ + . . .In general, 

SE & VD can be viewed as special cases.

(no active error correction)

<latexit sha1_base64="lcYqvFpbtZGp+FSKhQ4jHC/A/kg="></latexit>

hOiLST ⇡ 1

c
Tr(Pf

0(�̂)PO)

• Classical shadow representation: the error mitigated value can be 
efficiently calculated in post-processing

<latexit sha1_base64="WlcoqrUjAif1ff0DdsIN5nEBF4I=">AAAB+HicbVDLSsNAFL2pr1ofjbp0EyyCbkoiiu4siOCygn1AE8JkOmmHTmbCzESooV/ixoUibt36F+78BP/C6WOhrQcuHM65l3vviVJGlXbdL6uwtLyyulZcL21sbm2X7Z3dphKZxKSBBROyHSFFGOWkoalmpJ1KgpKIkVY0uBr7rXsiFRX8Tg9TEiSox2lMMdJGCu2yL/sizH2SKsoEH4V2xa26EziLxJuRSq38fXlc+riuh/an3xU4SwjXmCGlOp6b6iBHUlPMyKjkZ4qkCA9Qj3QM5SghKsgnh4+cQ6N0nVhIU1w7E/X3RI4SpYZJZDoTpPtq3huL/3mdTMcXQU55mmnC8XRRnDFHC2ecgtOlkmDNhoYgLKm51cF9JBHWJquSCcGbf3mRNE+q3lnVvTVpnMIURdiHAzgCD86hBjdQhwZgyOARnuHFerCerFfrbdpasGYze/AH1vsP/taWLw==</latexit>⇢✏
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<latexit sha1_base64="GzYxTwGe5Ddl8Fo+74B2rVbhiak=">AAAB6nicbVDLSgNBEOyNrxhfMR69DAmCp7Arih4DevAY0U0CyRJmJ7PJkJnZZWZWCEs+wYsHRbyKf+EfePLm3zh5HDSxoKGo6qa7K0w408Z1v53cyura+kZ+s7C1vbO7V9wvNXScKkJ9EvNYtUKsKWeS+oYZTluJoliEnDbD4eXEb95TpVks78wooYHAfckiRrCx0q3f9brFilt1p0DLxJuTSi3/+VG6ei/Xu8WvTi8mqaDSEI61bntuYoIMK8MIp+NCJ9U0wWSI+7RtqcSC6iCbnjpGR1bpoShWtqRBU/X3RIaF1iMR2k6BzUAvehPxP6+dmugiyJhMUkMlmS2KUo5MjCZ/ox5TlBg+sgQTxeytiAywwsTYdAo2BG/x5WXSOKl6Z1X3xqZxCjPk4RDKcAwenEMNrqEOPhDowwM8wbPDnUfnxXmdteac+cwB/IHz9gPFBpBe</latexit>

U1

<latexit sha1_base64="d1t5BkC2+G9jnBAeme8nmdB4yq0=">AAAB6nicbVDLSgNBEOyNrxhfMR69DAbBU9gNih4DevAY0U0CyRJmJ7PJkNmZZWZWCEs+wYsHRbyKf+EfePLm3zh5HDSxoKGo6qa7K0w408Z1v53cyura+kZ+s7C1vbO7V9wvNbRMFaE+kVyqVog15UxQ3zDDaStRFMchp81weDnxm/dUaSbFnRklNIhxX7CIEWysdOt3q91i2a24U6Bl4s1JuZb//ChdvR/Vu8WvTk+SNKbCEI61bntuYoIMK8MIp+NCJ9U0wWSI+7RtqcAx1UE2PXWMjq3SQ5FUtoRBU/X3RIZjrUdxaDtjbAZ60ZuI/3nt1EQXQcZEkhoqyGxRlHJkJJr8jXpMUWL4yBJMFLO3IjLAChNj0ynYELzFl5dJo1rxzirujU3jFGbIwyEcwQl4cA41uIY6+ECgDw/wBM8Odx6dF+d11ppz5jMH8AfO2w/GipBf</latexit>

U2

<latexit sha1_base64="fihrzpL6VDy0zTFPRRTaLhhlyzs=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4kJIURY8FLx4r2A9IQ9lsN+3SzSbsToQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8MJXCoOt+O2vrG5tb26Wd8u7e/sFh5ei4bZJMM95iiUx0N6SGS6F4CwVK3k01p3EoeScc3838zhPXRiTqEScpD2I6VCISjKKVOr6vLr0g6Feqbs2dg6wSryBVKNDsV756g4RlMVfIJDXG99wUg5xqFEzyabmXGZ5SNqZD7luqaMxNkM/PnZJzqwxIlGhbCslc/T2R09iYSRzazpjiyCx7M/E/z88wug1yodIMuWKLRVEmCSZk9jsZCM0ZyokllGlhbyVsRDVlaBMq2xC85ZdXSbte865r7kO92rgq4ijBKZzBBXhwAw24hya0gMEYnuEV3pzUeXHenY9F65pTzJzAHzifP3LXju8=</latexit>

[[n,1]]

• What is the quantum resources and classical resources needed?



Quantum resources
<latexit sha1_base64="WlcoqrUjAif1ff0DdsIN5nEBF4I=">AAAB+HicbVDLSsNAFL2pr1ofjbp0EyyCbkoiiu4siOCygn1AE8JkOmmHTmbCzESooV/ixoUibt36F+78BP/C6WOhrQcuHM65l3vviVJGlXbdL6uwtLyyulZcL21sbm2X7Z3dphKZxKSBBROyHSFFGOWkoalmpJ1KgpKIkVY0uBr7rXsiFRX8Tg9TEiSox2lMMdJGCu2yL/sizH2SKsoEH4V2xa26EziLxJuRSq38fXlc+riuh/an3xU4SwjXmCGlOp6b6iBHUlPMyKjkZ4qkCA9Qj3QM5SghKsgnh4+cQ6N0nVhIU1w7E/X3RI4SpYZJZDoTpPtq3huL/3mdTMcXQU55mmnC8XRRnDFHC2ecgtOlkmDNhoYgLKm51cF9JBHWJquSCcGbf3mRNE+q3lnVvTVpnMIURdiHAzgCD86hBjdQhwZgyOARnuHFerCerFfrbdpasGYze/AH1vsP/taWLw==</latexit>⇢✏
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<latexit sha1_base64="GzYxTwGe5Ddl8Fo+74B2rVbhiak=">AAAB6nicbVDLSgNBEOyNrxhfMR69DAmCp7Arih4DevAY0U0CyRJmJ7PJkJnZZWZWCEs+wYsHRbyKf+EfePLm3zh5HDSxoKGo6qa7K0w408Z1v53cyura+kZ+s7C1vbO7V9wvNXScKkJ9EvNYtUKsKWeS+oYZTluJoliEnDbD4eXEb95TpVks78wooYHAfckiRrCx0q3f9brFilt1p0DLxJuTSi3/+VG6ei/Xu8WvTi8mqaDSEI61bntuYoIMK8MIp+NCJ9U0wWSI+7RtqcSC6iCbnjpGR1bpoShWtqRBU/X3RIaF1iMR2k6BzUAvehPxP6+dmugiyJhMUkMlmS2KUo5MjCZ/ox5TlBg+sgQTxeytiAywwsTYdAo2BG/x5WXSOKl6Z1X3xqZxCjPk4RDKcAwenEMNrqEOPhDowwM8wbPDnUfnxXmdteac+cwB/IHz9gPFBpBe</latexit>

U1

<latexit sha1_base64="d1t5BkC2+G9jnBAeme8nmdB4yq0=">AAAB6nicbVDLSgNBEOyNrxhfMR69DAbBU9gNih4DevAY0U0CyRJmJ7PJkNmZZWZWCEs+wYsHRbyKf+EfePLm3zh5HDSxoKGo6qa7K0w408Z1v53cyura+kZ+s7C1vbO7V9wvNbRMFaE+kVyqVog15UxQ3zDDaStRFMchp81weDnxm/dUaSbFnRklNIhxX7CIEWysdOt3q91i2a24U6Bl4s1JuZb//ChdvR/Vu8WvTk+SNKbCEI61bntuYoIMK8MIp+NCJ9U0wWSI+7RtqcAx1UE2PXWMjq3SQ5FUtoRBU/X3RIZjrUdxaDtjbAZ60ZuI/3nt1EQXQcZEkhoqyGxRlHJkJJr8jXpMUWL4yBJMFLO3IjLAChNj0ynYELzFl5dJo1rxzirujU3jFGbIwyEcwQl4cA41uIY6+ECgDw/wBM8Odx6dF+d11ppz5jMH8AfO2w/GipBf</latexit>

U2

<latexit sha1_base64="fihrzpL6VDy0zTFPRRTaLhhlyzs=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4kJIURY8FLx4r2A9IQ9lsN+3SzSbsToQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8MJXCoOt+O2vrG5tb26Wd8u7e/sFh5ei4bZJMM95iiUx0N6SGS6F4CwVK3k01p3EoeScc3838zhPXRiTqEScpD2I6VCISjKKVOr6vLr0g6Feqbs2dg6wSryBVKNDsV756g4RlMVfIJDXG99wUg5xqFEzyabmXGZ5SNqZD7luqaMxNkM/PnZJzqwxIlGhbCslc/T2R09iYSRzazpjiyCx7M/E/z88wug1yodIMuWKLRVEmCSZk9jsZCM0ZyokllGlhbyVsRDVlaBMq2xC85ZdXSbte865r7kO92rgq4ijBKZzBBXhwAw24hya0gMEYnuEV3pzUeXHenY9F65pTzJzAHzifP3LXju8=</latexit>

[[n,1]]• Gate overhead:

• Sample complexity:

1. Requires Clifford encoding circuit (same as SE)

2. Does not require multiple copies of system 
(better than VD)

3. Requires addition O(n) depth Clifford circuits, 
which doesn’t scale with logical qubit number

1. Requires          measurements to estimate logical Pauli observable                  
<latexit sha1_base64="TbGr1Xadu7jMNKgX9xZQpiXX1x0=">AAAB73icbVDLSgNBEOyNrxhf8XHzMhiEeAm7EtFjwIs3I5gHJGuYncwmQ2Zm15lZISz5CS8eFPHq73jzb5xsctDEgoaiqpvuriDmTBvX/XZyK6tr6xv5zcLW9s7uXnH/oKmjRBHaIBGPVDvAmnImacMww2k7VhSLgNNWMLqe+q0nqjSL5L0Zx9QXeCBZyAg2VmrflqsP6Why1iuW3IqbAS0Tb05KtaMwQ71X/Or2I5IIKg3hWOuO58bGT7EyjHA6KXQTTWNMRnhAO5ZKLKj20+zeCTq1Sh+FkbIlDcrU3xMpFlqPRWA7BTZDvehNxf+8TmLCKz9lMk4MlWS2KEw4MhGaPo/6TFFi+NgSTBSztyIyxAoTYyMq2BC8xZeXSfO84l1U3DubRhVmyMMxnEAZPLiEGtxAHRpAgMMzvMKb8+i8OO/Ox6w158xnDuEPnM8fyIqSCQ==</latexit>

O(4k)

(Better than SE: requires                   measurements for the same task.)

<latexit sha1_base64="qQtDYgGl6Kq8DavbpKHZPJ7d6xM=">AAAB/XicbVDLSsNAFJ3UV62vqN25GSxC3ZREFF0W3LgzQl/QhDKZTtqhkwczN2INxV9x40IRt/6HO//GadqFth64cDjnXu69x08EV2BZ30ZhZXVtfaO4Wdra3tndM/cPWipOJWVNGotYdnyimOARawIHwTqJZCT0BWv7o+up375nUvE4asA4YV5IBhEPOCWgpZ5ZdoE9QNaQk6rjymGMHXx72jMrVs3KgZeJPSeVejnI4fTML7cf0zRkEVBBlOraVgJeRiRwKtik5KaKJYSOyIB1NY1IyJSX5ddP8IlW+jiIpa4IcK7+nshIqNQ49HVnSGCoFr2p+J/XTSG48jIeJSmwiM4WBanAEONpFLjPJaMgxpoQKrm+FdMhkYSCDqykQ7AXX14mrbOafVGz7nQa52iGIjpCx6iKbHSJ6ugGOaiJKHpEz+gVvRlPxovxbnzMWgvGfOYQ/YHx+QP3ypch</latexit>

Tr(P⇢PO)
<latexit sha1_base64="7itl7e4e2ogRIiL6yIHCsizkuMo=">AAAB9HicbVDLTgJBEOzFF+IDfNy8TCQmcJDsEo0eSbx4ExN5JLCS2WEWJszOrjOzJGTDd3jxoDFe/Rhv/o3DwkHBSjqpVHWnu8uLOFPatr+tzNr6xuZWdju3s7u3ny8cHDZVGEtCGyTkoWx7WFHOBG1opjltR5LiwOO05Y1uZn5rTKVioXjQk4i6AR4I5jOCtZHcu1L1MSmJc6c8mpZ7haJdsVOgVeIsSLF27Keo9wpf3X5I4oAKTThWquPYkXYTLDUjnE5z3VjRCJMRHtCOoQIHVLlJevQUnRmlj/xQmhIaperviQQHSk0Cz3QGWA/VsjcT//M6sfav3YSJKNZUkPkiP+ZIh2iWAOozSYnmE0MwkczcisgQS0y0ySlnQnCWX14lzWrFuazY9yaNC5gjCydwCiVw4ApqcAt1aACBJ3iGV3izxtaL9W59zFsz1mLmCP7A+vwBO72TVg==</latexit>

O(2(n�1)k)

• Logical shadow tomography is better or the same as VD or SE in terms of 
quantum resources.



Classical resources

• The estimation of                      with classical 
shadows:

<latexit sha1_base64="WlcoqrUjAif1ff0DdsIN5nEBF4I=">AAAB+HicbVDLSsNAFL2pr1ofjbp0EyyCbkoiiu4siOCygn1AE8JkOmmHTmbCzESooV/ixoUibt36F+78BP/C6WOhrQcuHM65l3vviVJGlXbdL6uwtLyyulZcL21sbm2X7Z3dphKZxKSBBROyHSFFGOWkoalmpJ1KgpKIkVY0uBr7rXsiFRX8Tg9TEiSox2lMMdJGCu2yL/sizH2SKsoEH4V2xa26EziLxJuRSq38fXlc+riuh/an3xU4SwjXmCGlOp6b6iBHUlPMyKjkZ4qkCA9Qj3QM5SghKsgnh4+cQ6N0nVhIU1w7E/X3RI4SpYZJZDoTpPtq3huL/3mdTMcXQU55mmnC8XRRnDFHC2ecgtOlkmDNhoYgLKm51cF9JBHWJquSCcGbf3mRNE+q3lnVvTVpnMIURdiHAzgCD86hBjdQhwZgyOARnuHFerCerFfrbdpasGYze/AH1vsP/taWLw==</latexit>⇢✏
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<latexit sha1_base64="GzYxTwGe5Ddl8Fo+74B2rVbhiak=">AAAB6nicbVDLSgNBEOyNrxhfMR69DAmCp7Arih4DevAY0U0CyRJmJ7PJkJnZZWZWCEs+wYsHRbyKf+EfePLm3zh5HDSxoKGo6qa7K0w408Z1v53cyura+kZ+s7C1vbO7V9wvNXScKkJ9EvNYtUKsKWeS+oYZTluJoliEnDbD4eXEb95TpVks78wooYHAfckiRrCx0q3f9brFilt1p0DLxJuTSi3/+VG6ei/Xu8WvTi8mqaDSEI61bntuYoIMK8MIp+NCJ9U0wWSI+7RtqcSC6iCbnjpGR1bpoShWtqRBU/X3RIaF1iMR2k6BzUAvehPxP6+dmugiyJhMUkMlmS2KUo5MjCZ/ox5TlBg+sgQTxeytiAywwsTYdAo2BG/x5WXSOKl6Z1X3xqZxCjPk4RDKcAwenEMNrqEOPhDowwM8wbPDnUfnxXmdteac+cwB/IHz9gPFBpBe</latexit>

U1

<latexit sha1_base64="d1t5BkC2+G9jnBAeme8nmdB4yq0=">AAAB6nicbVDLSgNBEOyNrxhfMR69DAbBU9gNih4DevAY0U0CyRJmJ7PJkNmZZWZWCEs+wYsHRbyKf+EfePLm3zh5HDSxoKGo6qa7K0w408Z1v53cyura+kZ+s7C1vbO7V9wvNbRMFaE+kVyqVog15UxQ3zDDaStRFMchp81weDnxm/dUaSbFnRklNIhxX7CIEWysdOt3q91i2a24U6Bl4s1JuZb//ChdvR/Vu8WvTk+SNKbCEI61bntuYoIMK8MIp+NCJ9U0wWSI+7RtqcAx1UE2PXWMjq3SQ5FUtoRBU/X3RIZjrUdxaDtjbAZ60ZuI/3nt1EQXQcZEkhoqyGxRlHJkJJr8jXpMUWL4yBJMFLO3IjLAChNj0ynYELzFl5dJo1rxzirujU3jFGbIwyEcwQl4cA41uIY6+ECgDw/wBM8Odx6dF+d11ppz5jMH8AfO2w/GipBf</latexit>

U2

<latexit sha1_base64="fihrzpL6VDy0zTFPRRTaLhhlyzs=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4kJIURY8FLx4r2A9IQ9lsN+3SzSbsToQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8MJXCoOt+O2vrG5tb26Wd8u7e/sFh5ei4bZJMM95iiUx0N6SGS6F4CwVK3k01p3EoeScc3838zhPXRiTqEScpD2I6VCISjKKVOr6vLr0g6Feqbs2dg6wSryBVKNDsV756g4RlMVfIJDXG99wUg5xqFEzyabmXGZ5SNqZD7luqaMxNkM/PnZJzqwxIlGhbCslc/T2R09iYSRzazpjiyCx7M/E/z88wug1yodIMuWKLRVEmCSZk9jsZCM0ZyokllGlhbyVsRDVlaBMq2xC85ZdXSbte865r7kO92rgq4ijBKZzBBXhwAw24hya0gMEYnuEV3pzUeXHenY9F65pTzJzAHzifP3LXju8=</latexit>

[[n,1]]
<latexit sha1_base64="+v3imFpcFdHq+BH3RImRVS64bfA=">AAAB/3icbVC7SgNBFJ2Nrxhfq4KFNotBiE3YFUSxCtjYiBHyguwaZiezyZDZBzN3xbAuYuGP2FgoYmvjR9j5I9ZOHoUmHrhwOOde7r3HjTiTYJpfWmZmdm5+IbuYW1peWV3T1zdqMowFoVUS8lA0XCwpZwGtAgNOG5Gg2Hc5rbu904Ffv6ZCsjCoQD+ijo87AfMYwaCklr5lA72BpCLSQtkW3fAq8dPyxX5Lz5tFcwhjmlhjki9tP+S/784/yi39026HJPZpAIRjKZuWGYGTYAGMcJrm7FjSCJMe7tCmogH2qXSS4f2psaeUtuGFQlUAxlD9PZFgX8q+76pOH0NXTnoD8T+vGYN37CQsiGKgARkt8mJuQGgMwjDaTFACvK8IJoKpWw3SxQITUJHlVAjW5MvTpHZQtA6L5qVK4wSNkEU7aBcVkIWOUAmdoTKqIoJu0SN6Ri/avfakvWpvo9aMNp7ZRH+gvf8Ar/CZiA==</latexit>

Tr(P⇢
m
PO)

1. Since each logical qubit is encoded with [[n,1]] 
code, the projection can be factorized:

<latexit sha1_base64="XAIjYxd1Zq1oLufY0L6n3HUA7Oo=">AAACE3icbZDLSgMxFIYz9VbrbdSlIMEiiIsyUxBFEApuXI5gL9CWIZNm2tDMheSMUIa+Qzc+RrduXFjErRvBhW9jehG19UDg4z+3nN+LBVdgWZ9GZml5ZXUtu57b2Nza3jF39yoqSiRlZRqJSNY8opjgISsDB8FqsWQk8ASret3rcb56z6TiUXgHvZg1A9IOuc8pAS255qmDr7Dj2o0IeMCUxuI3NloRqB+965p5q2BNAi+CPYN8yTwcfgxGQ8c13/UImgQsBCqIUnXbiqGZEgmcCtbPNRLFYkK7pM3qGkOiFzXTyU19fKyVFvYjqV8IeKL+7khJoFQv8HRlQKCj5nNj8b9cPQH/opnyME6AhXS6yE8EhgiPDcItLhkF0dNAqOT6r5h2iCQUtI05bYI9f/IiVIoF+6xg3Wo3LtE0sugAHaETZKNzVEI3yEFlRNEAPaJnNDIejCfjxXidlmaMWc8++hPG2xeR6KEZ</latexit>

P = P1 ⌦ P2 ⌦ · · ·⌦ Pk

2. The reconstruction map is also factorized:
<latexit sha1_base64="WXGE/1tH/vYC5PpPeifoqwIvzPI="></latexit>

⇢̂ = ⌦k
i=1 ((2

n + 1)�̂i � 1)

3. Nonlinear property estimation:
<latexit sha1_base64="y+zb1Mj9ZPSVcB5RcBxOuZsM0UI="></latexit>

Tr (P⇢
m
PO) ⇡

Qk
i=1

Pm
q=0

✓
m

q

◆
(2n+1)q(�1)m�qE�̂Tr(Pi(

Qq
s=1 �̂

(s)
i )PiOi)

• The evaluation of                                    is equivalent to finding null space of 

a binary matrix, which takes              memory and                time.         

<latexit sha1_base64="ofyu0+qp25tA/2GPMNCyzsZ1Aro="></latexit>

Tr
�
P (

Qm
s=1 �̂

(s))PO
�

<latexit sha1_base64="iBatT31XgV1VVr54M8eKOhx9EHQ=">AAACBHicbVDLSsNAFL2pr1pfVZdugq1QNyUpiOKq4MadFexD2lgmk0k7dGYSZiZCKd36A271D9yJW//DH/A7nLRZaOuBC4dz7ovjx4wq7ThfVm5ldW19I79Z2Nre2d0r7h+0VJRITJo4YpHs+EgRRgVpaqoZ6cSSIO4z0vZHV6nffiRS0Ujc6XFMPI4GgoYUI22k+/JNRTzU+Gm5Xyw5VWcGe5m4GSlBhka/+N0LIpxwIjRmSKmu68TamyCpKWZkWuglisQIj9CAdA0ViBPlTWYPT+0TowR2GElTQtsz9ffEBHGlxtw3nRzpoVr0UvFfL1DpwoXrOrzwJlTEiSYCz4+HCbN1ZKeJ2AGVBGs2NgRhSc3/Nh4iibA2uRVMMO5iDMukVau6Z1XntlaqX2YR5eEIjqECLpxDHa6hAU3AwOEZXuDVerLerHfrY96as7KZQ/gD6/MHRkiXng==</latexit>

O(n2
m)

<latexit sha1_base64="FVSvSXRPL6TYVwZFlPZ1kt9G8ds=">AAACBnicbVC7SgNBFJ31GeMramkzmAixCbsRUawCNnZGMA9INmF2djYZMo9lZlYIIb0/YKt/YCe2/oY/4Hc4m2yhiQcuHM65L04QM6qN6345K6tr6xubua389s7u3n7h4LCpZaIwaWDJpGoHSBNGBWkYahhpx4ogHjDSCkY3qd96JEpTKR7MOCY+RwNBI4qRsVKndFcWvXPeq56V+oWiW3FngMvEy0gRZKj3C9/dUOKEE2EwQ1p3PDc2/gQpQzEj03w30SRGeIQGpGOpQJxofzJ7eQpPrRLCSCpbwsCZ+ntigrjWYx7YTo7MUC96qfivF+p04cJ1E135EyrixBCB58ejhEEjYZoJDKki2LCxJQgrav+HeIgUwsYml7fBeIsxLJNmteJdVNz7arF2nUWUA8fgBJSBBy5BDdyCOmgADCR4Bi/g1Xly3px352PeuuJkM0fgD5zPH30QmEM=</latexit>

O(n3
m

2)

• Logical shadow tomography takes polynomial classical resources in the 
post-processing.



Numerics
• The [[5,1,3]] code:

LST with 
<latexit sha1_base64="9aYzbP1QeDMO5exX1GW5OaNq+iA=">AAACCXicbVDLSsNAFL3xWeur6tLNYCvUTUkKoghCwY3LCvYBbSyTyaQdOpmEmYlQQr/AH3Crf+BO3PoV/oDf4aTNQlsPzHA45744XsyZ0rb9Za2srq1vbBa2its7u3v7pYPDtooSSWiLRDySXQ8rypmgLc00p91YUhx6nHa88U3mdx6pVCwS93oSUzfEQ8ECRrA20kMlqPblKDq7zv7KoFS2a/YMaJk4OSlDjuag9N33I5KEVGjCsVI9x461m2KpGeF0WuwnisaYjPGQ9gwVOKTKTWdXT9GpUXwURNI8odFM/d2R4lCpSeiZyhDrkVr0MvFfz1fZwIXtOrh0UybiRFNB5suDhCMdoSwW5DNJieYTQzCRzNyPyAhLTLQJr2iCcRZjWCbtes05r9l39XLjKo+oAMdwAlVw4AIacAtNaAEBCc/wAq/Wk/VmvVsf89IVK+85gj+wPn8Ak/uaAw==</latexit>

f(⇢) = ⇢ LST with 
<latexit sha1_base64="nknaDmc5d5U53F+fvKLgIZdp168=">AAACDXicbVBNSgMxGM3Uv1r/Rl26CbZC3ZSZgiiCUHDjsoL9gXYsmUymDc0kQ5IplKFn8AJu9QbuxK1n8AKew0w7C219kPB47/vj+TGjSjvOl1VYW9/Y3Cpul3Z29/YP7MOjthKJxKSFBROy6yNFGOWkpalmpBtLgiKfkY4/vs38zoRIRQV/0NOYeBEachpSjLSRBrZdCat9ORLnN9n/WK8M7LJTc+aAq8TNSRnkaA7s734gcBIRrjFDSvVcJ9ZeiqSmmJFZqZ8oEiM8RkPSM5SjiCgvnV8+g2dGCWAopHlcw7n6uyNFkVLTyDeVEdIjtexl4r9eoLKBS9t1eOWllMeJJhwvlocJg1rALBoYUEmwZlNDEJbU3A/xCEmEtQmwZIJxl2NYJe16zb2oOff1cuM6j6gITsApqAIXXIIGuANN0AIYTMAzeAGv1pP1Zr1bH4vSgpX3HIM/sD5/AEexmtg=</latexit>

f(⇢) = ⇢2

• Compared with SE, LST is more accurate and has better error mitigation

• Sample complexity scaling: 
<latexit sha1_base64="yLHla9FrtyrsnSEM6jOxn3CsYlA=">AAACA3icbVDLSsNAFL2pr1pfVZduBluhbkpSFMVVwY07K9gHtLFMJpN26GQSZiZCKV36A271D9yJWz/EH/A7nLRZaOuBC4dz7ovjxZwpbdtfVm5ldW19I79Z2Nre2d0r7h+0VJRIQpsk4pHseFhRzgRtaqY57cSS4tDjtO2NrlO//UilYpG41+OYuiEeCBYwgrWROuXbytnD6LTcL5bsqj0DWiZORkqQodEvfvf8iCQhFZpwrFTXsWPtTrDUjHA6LfQSRWNMRnhAu4YKHFLlTmb/TtGJUXwURNKU0Gim/p6Y4FCpceiZzhDroVr0UvFfz1fpwoXrOrh0J0zEiaaCzI8HCUc6QmkgyGeSEs3HhmAimfkfkSGWmGgTW8EE4yzGsExatapzXrXvaqX6VRZRHo7gGCrgwAXU4QYa0AQCHJ7hBV6tJ+vNerc+5q05K5s5hD+wPn8AbvqXJg==</latexit>

O(4k)

S.
D.



Summary
<latexit sha1_base64="WlcoqrUjAif1ff0DdsIN5nEBF4I=">AAAB+HicbVDLSsNAFL2pr1ofjbp0EyyCbkoiiu4siOCygn1AE8JkOmmHTmbCzESooV/ixoUibt36F+78BP/C6WOhrQcuHM65l3vviVJGlXbdL6uwtLyyulZcL21sbm2X7Z3dphKZxKSBBROyHSFFGOWkoalmpJ1KgpKIkVY0uBr7rXsiFRX8Tg9TEiSox2lMMdJGCu2yL/sizH2SKsoEH4V2xa26EziLxJuRSq38fXlc+riuh/an3xU4SwjXmCGlOp6b6iBHUlPMyKjkZ4qkCA9Qj3QM5SghKsgnh4+cQ6N0nVhIU1w7E/X3RI4SpYZJZDoTpPtq3huL/3mdTMcXQU55mmnC8XRRnDFHC2ecgtOlkmDNhoYgLKm51cF9JBHWJquSCcGbf3mRNE+q3lnVvTVpnMIURdiHAzgCD86hBjdQhwZgyOARnuHFerCerFfrbdpasGYze/AH1vsP/taWLw==</latexit>⇢✏
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<latexit sha1_base64="GzYxTwGe5Ddl8Fo+74B2rVbhiak=">AAAB6nicbVDLSgNBEOyNrxhfMR69DAmCp7Arih4DevAY0U0CyRJmJ7PJkJnZZWZWCEs+wYsHRbyKf+EfePLm3zh5HDSxoKGo6qa7K0w408Z1v53cyura+kZ+s7C1vbO7V9wvNXScKkJ9EvNYtUKsKWeS+oYZTluJoliEnDbD4eXEb95TpVks78wooYHAfckiRrCx0q3f9brFilt1p0DLxJuTSi3/+VG6ei/Xu8WvTi8mqaDSEI61bntuYoIMK8MIp+NCJ9U0wWSI+7RtqcSC6iCbnjpGR1bpoShWtqRBU/X3RIaF1iMR2k6BzUAvehPxP6+dmugiyJhMUkMlmS2KUo5MjCZ/ox5TlBg+sgQTxeytiAywwsTYdAo2BG/x5WXSOKl6Z1X3xqZxCjPk4RDKcAwenEMNrqEOPhDowwM8wbPDnUfnxXmdteac+cwB/IHz9gPFBpBe</latexit>

U1

<latexit sha1_base64="d1t5BkC2+G9jnBAeme8nmdB4yq0=">AAAB6nicbVDLSgNBEOyNrxhfMR69DAbBU9gNih4DevAY0U0CyRJmJ7PJkNmZZWZWCEs+wYsHRbyKf+EfePLm3zh5HDSxoKGo6qa7K0w408Z1v53cyura+kZ+s7C1vbO7V9wvNbRMFaE+kVyqVog15UxQ3zDDaStRFMchp81weDnxm/dUaSbFnRklNIhxX7CIEWysdOt3q91i2a24U6Bl4s1JuZb//ChdvR/Vu8WvTk+SNKbCEI61bntuYoIMK8MIp+NCJ9U0wWSI+7RtqcAx1UE2PXWMjq3SQ5FUtoRBU/X3RIZjrUdxaDtjbAZ60ZuI/3nt1EQXQcZEkhoqyGxRlHJkJJr8jXpMUWL4yBJMFLO3IjLAChNj0ynYELzFl5dJo1rxzirujU3jFGbIwyEcwQl4cA41uIY6+ECgDw/wBM8Odx6dF+d11ppz5jMH8AfO2w/GipBf</latexit>

U2

<latexit sha1_base64="fihrzpL6VDy0zTFPRRTaLhhlyzs=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4kJIURY8FLx4r2A9IQ9lsN+3SzSbsToQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8MJXCoOt+O2vrG5tb26Wd8u7e/sFh5ei4bZJMM95iiUx0N6SGS6F4CwVK3k01p3EoeScc3838zhPXRiTqEScpD2I6VCISjKKVOr6vLr0g6Feqbs2dg6wSryBVKNDsV756g4RlMVfIJDXG99wUg5xqFEzyabmXGZ5SNqZD7luqaMxNkM/PnZJzqwxIlGhbCslc/T2R09iYSRzazpjiyCx7M/E/z88wug1yodIMuWKLRVEmCSZk9jsZCM0ZyokllGlhbyVsRDVlaBMq2xC85ZdXSbte865r7kO92rgq4ijBKZzBBXhwAw24hya0gMEYnuEV3pzUeXHenY9F65pTzJzAHzifP3LXju8=</latexit>

[[n,1]]• Logical shadow tomography:
<latexit sha1_base64="uC2hJNCCzFfKzHnQ/LqIbo34xAs="></latexit>

hOiLST =
1

c
Tr(Pf(⇢✏)PO)

<latexit sha1_base64="S0/P7xhOHvjim6V5vvcqAESoA8E=">AAACCnicbVA9SwNBEN3zM8av+NHZnAYhacKdKNoIgo1lBKNC7jj2NnNmyd7usTsnhiO1jX/FxkIRW3+Bnf/GTWKh0QcDj/dmmJkXZ4Ib9LxPZ2p6ZnZuvrRQXlxaXlmtrK1fGpVrBi2mhNLXMTUguIQWchRwnWmgaSzgKu6dDv2rW9CGK3mB/QzClN5InnBG0UpRZZsdBwh3WFzoQa2Z1ALdVVERQGa4UHJQb9ajStVreCO4f4n/Taonm8kIzajyEXQUy1OQyAQ1pu17GYYF1ciZgEE5yA1klPXoDbQtlTQFExajVwburlU6bqK0LYnuSP05UdDUmH4a286UYtdMekPxP6+dY3IUFlxmOYJk40VJLlxU7jAXt8M1MBR9SyjT3N7qsi7VlKFNr2xD8Cdf/ksu9xr+QcM7t2nskzFKZIvskBrxySE5IWekSVqEkXvySJ7Ji/PgPDmvztu4dcr5ntkgv+C8fwGhjJ0Y</latexit>

c = Tr(Pf(⇢✏)P )where
<latexit sha1_base64="o2vbzOmwb6VPCMr1akhZwP1ZeW8=">AAACMnicbVDLSgMxFM34rPU1PnZugkWoFMpMUXQjFNzYXQX7gE4dMmmmDc0kQ5IRytBvcuOXCC50oYhbP8J02oW2HggczrmHm3uCmFGlHefVWlpeWV1bz23kN7e2d3btvf2mEonEpIEFE7IdIEUY5aShqWakHUuCooCRVjC8nvitByIVFfxOj2LSjVCf05BipI3k27Ww6MmB8FOPxIoywcenV9h3aiXsu3DOMVplXrtPK+OS1xNa+XbBKTsZ4CJxZ6RQPQwz1H372eRwEhGuMUNKdVwn1t0USU0xI+O8lygSIzxEfdIxlKOIqG6anTyGJ0bpwVBI87iGmfo7kaJIqVEUmMkI6YGa9ybif14n0eFlN6U8TjTheLooTBjUAk76gz0qCdZsZAjCkpq/QjxAEmFtWs6bEtz5kxdJs1J2z8vOrWnjDEyRA0fgGBSBCy5AFdyAOmgADB7BC3gHH9aT9WZ9Wl/T0SVrljkAf2B9/wAiQ62a</latexit>

f(⇢✏) = c0I + c1⇢✏ + c2⇢
2
✏ + . . .In general, 

SE & VD can be viewed as special cases.

• Low quantum overhead: low depth Clifford circuits, 
which doesn’t reply on number of logical qubits.

• Better sample complexity: get rid of exponential scaling w.r.t number of 
physical qubit, and only scales with number of logical qubits

• Polynomial classical resources in the classical post-processing.
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