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When is better state preparation worthwhile?
Shivesh Pathak, Stefan Seritan, Antonio Russo, Andrew Baczewski

State preparation is expensive. When 
improving from 𝚽𝟎,𝒊 to 𝜱𝟎,𝒇 is worth it?

• Want to prepare an approximation to the 
ground state Ψ% of (local-) Hamiltonian ℋ

• Start with a guess: Φ%,&; 𝛾& = | Φ%,& Ψ% |

• Improve the guess
(e.g. Adiabatic, Filter-based):
Φ%,' = 𝒰() ℋ Φ%,&; 𝛾' = | Φ%,' Ψ% |

State Preparation 1 Context: phase estimation with state 
preparation (amplitude amplification) 2

<latexit sha1_base64="FRtXdbdcvWMed+L/CceW71gkdRw=">AAACCnicbVA9SwNBEN2LXzF+RS1tVoNgFe6ComXAxjKC+YAkhrnNJlmye3fszqnhSFob/4qNhSK2/gI7/42bj0ITHww83pthZp4fSWHQdb+d1NLyyupaej2zsbm1vZPd3auYMNaMl1koQ13zwXApAl5GgZLXIs1B+ZJX/f7l2K/ecW1EGNzgIOJNBd1AdAQDtFIrezhqIH/A5F5gj0Y69MEXUuBgOGp0QSm4LbSyOTfvTkAXiTcjOTJDqZX9arRDFiseIJNgTN1zI2wmoFEwyYeZRmx4BKwPXV63NADFTTOZvDKkx1Zp006obQVIJ+rviQSUMQPl204F2DPz3lj8z6vH2LloJiKIYuQBmy7qxJJiSMe50LbQnKEcWAJMC3srZT3QwNCml7EhePMvL5JKIe+d5d3r01zxaBZHmhyQI3JCPHJOiuSKlEiZMPJInskreXOenBfn3fmYtqac2cw++QPn8weZBZta</latexit>

with probability �2

<latexit sha1_base64="RMfgqlqbZeFhoR4OBRTshpbuR3o="></latexit>

after O
�
��2

�
repetitions

<latexit sha1_base64="z7Do+bhwKzYBcffCkJhKAY/aAU4=">AAAB/XicbVDLSsNAFJ34rPUVHzs3Q4vgqiSi6LIggssK9gFtCJPppB06yYSZG7GG1l9x40IRt/6HO//GaZuFth64cDjnXu69J0gE1+A439bS8srq2npho7i5tb2za+/tN7RMFWV1KoVUrYBoJnjM6sBBsFaiGIkCwZrB4GriN++Z0lzGdzBMmBeRXsxDTgkYybcPk3EH2ANkAQeNZTgaX/uOb5edijMFXiRuTsooR823vzpdSdOIxUAF0brtOgl4GVHAqWCjYifVLCF0QHqsbWhMIqa9bHr9CB8bpYtDqUzFgKfq74mMRFoPo8B0RgT6et6biP957RTCSy/jcZICi+lsUZgKDBJPosBdrhgFMTSEUMXNrZj2iSIUTGBFE4I7//IiaZxW3POKc3tWrpbyOAroCJXQCXLRBaqiG1RDdUTRI3pGr+jNerJerHfrY9a6ZOUzB+gPrM8fz/SVVw==</latexit>

p bits of E0

<latexit sha1_base64="MAmt696dWbtP/hYlHsocyYumFSs=">AAAB9XicbVBNS8NAEJ34WetX1aOXpUXwVBJR9Fjw4rGC/YA2ls120i7dbMLuRimx/8OLB0W8+l+8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nvqtB1Sax/LOjBP0IzqQPOSMGivdP3XrmvfcrqJyILBXqrhVdwayTLycVCBHvVf66vZjlkYoDRNU647nJsbPqDKcCZwUu6nGhLIRHWDHUkkj1H42u3pCTqzSJ2GsbElDZurviYxGWo+jwHZG1Az1ojcV//M6qQmv/IzLJDUo2XxRmApiYjKNgPS5QmbE2BLKFLe3EjakijJjgyraELzFl5dJ86zqXVTd2/NKrZzHUYBjKMMpeHAJNbiBOjSAgYJneIU359F5cd6dj3nripPPHMEfOJ8/XV6SUg==</latexit>

| 0i

<latexit sha1_base64="4M6KkR7nh6RlNLz27bP90dpoPFA=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LC2Cp5KIoseCIB5b6Be0sWw2m3TpZhN3N4US+ju8eFDEqz/Gm//GbZuDtj4YeLw3w8w8L+FMadv+tgobm1vbO8Xd0t7+weFR+fiko+JUEtomMY9lz8OKciZoWzPNaS+RFEcep11vfDf3uxMqFYtFS08T6kY4FCxgBGsjuc371mM28HEYUjkblqt2zV4ArRMnJ1XI0RiWvwZ+TNKICk04Vqrv2Il2Myw1I5zOSoNU0QSTMQ5p31CBI6rcbHH0DJ0bxUdBLE0JjRbq74kMR0pNI890RliP1Ko3F//z+qkObt2MiSTVVJDloiDlSMdongDymaRE86khmEhmbkVkhCUm2uRUMiE4qy+vk85lzbmu2c2rar2Sx1GEM6jABThwA3V4gAa0gcATPMMrvFkT68V6tz6WrQUrnzmFP7A+fwCebJHn</latexit>

QFT †

<latexit sha1_base64="wsy2IBlHeqG6F40KG5YI01YEa38=">AAACFXicbVDLSsNAFJ34rPUVdekmtAgtSElE0WXBTRcuKtgHNKFMJpN26OTBzI1QQn7Cjb/ixoUibgV3/o2TNqC2Hhg4nHMuc+9xY84kmOaXtrK6tr6xWdoqb+/s7u3rB4ddGSWC0A6JeCT6LpaUs5B2gAGn/VhQHLic9tzJde737qmQLArvYBpTJ8CjkPmMYFDSUD+1b1TYwzanPtTsAMOYYJ72sh/eyuq2YKMx1Id61WyYMxjLxCpIFRVoD/VP24tIEtAQCMdSDiwzBifFAhjhNCvbiaQxJhM8ogNFQxxQ6aSzqzLjRCme4UdCvRCMmfp7IsWBlNPAVcl8Vbno5eJ/3iAB/8pJWRgnQEMy/8hPuAGRkVdkeExQAnyqCCaCqV0NMsYCE1BFllUJ1uLJy6R71rAuGubtebVZKeoooWNUQTVkoUvURC3URh1E0AN6Qi/oVXvUnrU37X0eXdGKmSP0B9rHN6KhnwI=</latexit>

⇤ (W(H))
<latexit sha1_base64="5OIFtx87+Iq34DUlVu1d4n+2+fM=">AAACBnicbVBNS8NAEJ34WetX1KMIoUWol5KIoseClx4rmLbQhrDZbtulm03Y3Qgl5OTFv+LFgyJe/Q3e/Ddu2iDa+mDg8d4MM/OCmFGpbPvLWFldW9/YLG2Vt3d29/bNg8O2jBKBiYsjFolugCRhlBNXUcVINxYEhQEjnWByk/udeyIkjfidmsbEC9GI0yHFSGnJN0/6IVJjjFjqZn4q46z2IzSzM9+s2nV7BmuZOAWpQoGWb372BxFOQsIVZkjKnmPHykuRUBQzkpX7iSQxwhM0Ij1NOQqJ9NLZG5l1qpWBNYyELq6smfp7IkWhlNMw0J35jXLRy8X/vF6ihtdeSnmcKMLxfNEwYZaKrDwTa0AFwYpNNUFYUH2rhcdIIKx0cmUdgrP48jJpn9edy7p9e1FtVIo4SnAMFaiBA1fQgCa0wAUMD/AEL/BqPBrPxpvxPm9dMYqZI/gD4+Mbx4qZNQ==</latexit>

Usp(H)

<latexit sha1_base64="tDJpKzHnd9m44SB9E9MBGYFXpI4=">AAAB7XicbVDLSgNBEOyNrxhfUY9ehgTBU9gVgx4DXjxGMA9IljA7mU3GzGOZmRXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEs6M9f1vr7CxubW9U9wt7e0fHB6Vj0/aRqWa0BZRXOluhA3lTNKWZZbTbqIpFhGnnWhyO/c7T1QbpuSDnSY0FHgkWcwItk5q98mYDcSgXPVr/gJonQQ5qUKO5qD81R8qkgoqLeHYmF7gJzbMsLaMcDor9VNDE0wmeER7jkosqAmzxbUzdO6UIYqVdiUtWqi/JzIsjJmKyHUKbMdm1ZuL/3m91MY3YcZkkloqyXJRnHJkFZq/joZMU2L51BFMNHO3IjLGGhPrAiq5EILVl9dJ+7IW1Gv+/VW1UcnjKMIZVOACAriGBtxBE1pA4BGe4RXePOW9eO/ex7K14OUzp/AH3ucPegCO9g==</latexit>

�m

<latexit sha1_base64="xj2yyuNHroUDzTLkTmqB+lzx/R4=">AAAB+HicbVBNS8NAEJ34WetHox69hBbBU0lE0WPBi8cK9gPaEDbbabt0swm7GyHG/hIvHhTx6k/x5r9x2+agrQ8GHu/NMDMvTDhT2nW/rbX1jc2t7dJOeXdv/6BiHx61VZxKii0a81h2Q6KQM4EtzTTHbiKRRCHHTji5mfmdB5SKxeJeZwn6ERkJNmSUaCMFduXJ7UsiRhyDXGVqGtg1t+7O4awSryA1KNAM7K/+IKZphEJTTpTqeW6i/ZxIzSjHabmfKkwInZAR9gwVJELl5/PDp86pUQbOMJamhHbm6u+JnERKZVFoOiOix2rZm4n/eb1UD6/9nIkk1SjoYtEw5Y6OnVkKzoBJpJpnhhAqmbnVoWMiCdUmq7IJwVt+eZW0z+veZd29u6g1qkUcJTiBKpyBB1fQgFtoQgsopPAMr/BmPVov1rv1sWhds4qZY/gD6/MHOiOTXA==</latexit>

|0isys

<latexit sha1_base64="TjOuzxUSv9tQuIjyB7G0FCxBPts=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoJbQInkoiih4LXjxWsB/QlrDZTtqlm03c3Qg19pd48aCIV3+KN/+N2zYHbX0w8Hhvhpl5QcKZ0q77bRXW1jc2t4rbpZ3dvf2yfXDYUnEqKTZpzGPZCYhCzgQ2NdMcO4lEEgUc28H4eua3H1AqFos7PUmwH5GhYCGjRBvJt8tPbk8SMeToZ/cJTn276tbcOZxV4uWkCjkavv3VG8Q0jVBoyolSXc9NdD8jUjPKcVrqpQoTQsdkiF1DBYlQ9bP54VPnxCgDJ4ylKaGdufp7IiORUpMoMJ0R0SO17M3E/7xuqsOrfsZEkmoUdLEoTLmjY2eWgjNgEqnmE0MIlczc6tARkYRqk1XJhOAtv7xKWmc176Lm3p5X65U8jiIcQwVOwYNLqMMNNKAJFFJ4hld4sx6tF+vd+li0Fqx85gj+wPr8ARQZk0M=</latexit>

|0iqpe
(a)

<latexit sha1_base64="DwVVGu25DDRsNqcXEPNjLpoof5w=">AAACGXicbVBNS8NAEN34bf2qevSyWARPJRFFj4IXjwpWhaaUyXbSLu4mYXeilpC/4cW/4sWDIh715L9xW3Pw68HA472Z3ZkXZUpa8v0Pb2Jyanpmdm6+trC4tLxSX107t2luBLZEqlJzGYFFJRNskSSFl5lB0JHCi+jqaORfXKOxMk3OaJhhR0M/kbEUQE7q1v2Q8JbG7xSRyrEswj5oDd1ClqGR/QGBMekNr9S47NYbftMfg/8lQUUarMJJt/4W9lKRa0xIKLC2HfgZdQowJIXCshbmFjMQV9DHtqMJaLSdYrxRybec0uNxalwlxMfq94kCtLVDHblODTSwv72R+J/Xzik+6BQyyXLCRHx9FOeKU8pHMfGeNChIDR0BYaTblYsBGBDkwqy5EILfJ/8l5zvNYK/pn+42DjerOObYBttk2yxg++yQHbMT1mKC3bEH9sSevXvv0XvxXr9aJ7xqZp39gPf+CW4eok8=</latexit>

�i ! �f

<latexit sha1_base64="oW7NO9d48HoWo60CMc9QPNoLj2E=">AAACFXicbVDLSsNAFJ3UV62vqEs3oUVwISURRZcFN66kgn1AG8pketsOnTyYuRFLiB/hxl9x40IRt4I7/8ZpmoW2Hhg4nHPuzJ3jRYIrtO1vo7C0vLK6VlwvbWxube+Yu3tNFcaSQYOFIpRtjyoQPIAGchTQjiRQ3xPQ8saXU791B1LxMLjFSQSuT4cBH3BGUUs987iLcI/ZPYknYkiT617CEWT6kDkZz7IqTXtmxa7aGaxF4uSkQnLUe+ZXtx+y2IcAmaBKdRw7QjehEjkTkJa6sYKIsjEdQkfTgPqg3CTbJrUOtdK3BqHUJ0ArU39PJNRXauJ7OulTHKl5byr+53ViHFy4CQ+iGCFgs4cGsbAwtKYVWX0ugaGYaEKZ5HpXi42opExXoUq6BGf+y4ukeVJ1zqr2zWmlVs7rKJIDUiZHxCHnpEauSJ00CCOP5Jm8kjfjyXgx3o2PWbRg5DP75A+Mzx9PMKFR</latexit>

Niter iterations<latexit sha1_base64="UCG8b3XtXacsKordCAxeifhf6k8=">AAACAXicbVDLSsNAFL3xWesr6kZwM7QILqQkouiy4MZlFfuAJoTJdNIOnTyYmQglxI2/4saFIm79C3f+jZM2C209cOFwzr3ce4+fcCaVZX0bS8srq2vrlY3q5tb2zq65t9+RcSoIbZOYx6LnY0k5i2hbMcVpLxEUhz6nXX98XfjdByoki6N7NUmoG+JhxAJGsNKSZx46IVYjgnl2l3uZ0xoxL7NOWZ57Zt1qWFOgRWKXpA4lWp755QxikoY0UoRjKfu2lSg3w0IxwmledVJJE0zGeEj7mkY4pNLNph/k6FgrAxTEQlek0FT9PZHhUMpJ6OvO4l457xXif14/VcGVm7EoSRWNyGxRkHKkYlTEgQZMUKL4RBNMBNO3IjLCAhOlQ6vqEOz5lxdJ56xhXzSs2/N6s1bGUYEjqMEJ2HAJTbiBFrSBwCM8wyu8GU/Gi/FufMxal4xy5gD+wPj8AbAjlu8=</latexit>

R�0,i
<latexit sha1_base64="goPRBom/d9r4JFjJuyjfOIeKoME=">AAACAXicbVBNS8NAEJ3Ur1q/ol4EL6FF8CAlEUWPBS8eK5i20ISw2W7bpZtN2N0IJcSLf8WLB0W8+i+8+W/ctDlo64OBx3szzMwLE0alsu1vo7Kyura+Ud2sbW3v7O6Z+wcdGacCExfHLBa9EEnCKCeuooqRXiIIikJGuuHkpvC7D0RIGvN7NU2IH6ERp0OKkdJSYB55EVJjjFjm5kHmtcc0yOwzmueB2bCb9gzWMnFK0oAS7cD88gYxTiPCFWZIyr5jJ8rPkFAUM5LXvFSSBOEJGpG+phxFRPrZ7IPcOtHKwBrGQhdX1kz9PZGhSMppFOrO4l656BXif14/VcNrP6M8SRXheL5omDJLxVYRhzWggmDFppogLKi+1cJjJBBWOrSaDsFZfHmZdM6bzmXTvrtotOplHFU4hjqcggNX0IJbaIMLGB7hGV7hzXgyXox342PeWjHKmUP4A+PzB7TZlvI=</latexit>

U�0,i

<latexit sha1_base64="J5II5MlJblkApiLP6mlBaAZ8VxM=">AAAB9XicbVBNS8NAEJ34WetX1aOXpUXwVBJR9Fjw4rGC/YA2lsl20y7dbMLuRimx/8OLB0W8+l+8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqyho0FrFqB6iZ4JI1DDeCtRPFMAoEawWj66nfemBK81jemXHC/AgHkoecorHS/ZPbVSgHgvUyxEmvVHGr7gxkmXg5qUCOeq/01e3HNI2YNFSg1h3PTYyfoTKcCjYpdlPNEqQjHLCOpRIjpv1sdvWEnFilT8JY2ZKGzNTfExlGWo+jwHZGaIZ60ZuK/3md1IRXfsZlkhom6XxRmApiYjKNgPS5YtSIsSVIFbe3EjpEhdTYoIo2BG/x5WXSPKt6F1X39rxSK+dxFOAYynAKHlxCDW6gDg2goOAZXuHNeXRenHfnY9664uQzR/AHzucPqWiShA==</latexit>

|0iaa

<latexit sha1_base64="QB6/dwsnwOyWowRml+N8/qcI6gw=">AAAB9XicbVBNS8NAEJ34WetX1aOXpUXwVBJR9Fjw4rGC/YA2ls120i7dbMLuRimx/8OLB0W8+l+8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nvqtB1Sax/LOjBP0IzqQPOSMGivdP7ldReVAYC8LcNIrVdyqOwNZJl5OKpCj3it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bXT0hJ1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IRXfsZlkhqUbL4oTAUxMZlGQPpcITNibAllittbCRtSRZmxQRVtCN7iy8ukeVb1Lqru7XmlVs7jKMAxlOEUPLiEGtxAHRrAQMEzvMKb8+i8OO/Ox7x1xclnjuAPnM8fsQKSiQ==</latexit>

|0ibe

<latexit sha1_base64="xj2yyuNHroUDzTLkTmqB+lzx/R4=">AAAB+HicbVBNS8NAEJ34WetHox69hBbBU0lE0WPBi8cK9gPaEDbbabt0swm7GyHG/hIvHhTx6k/x5r9x2+agrQ8GHu/NMDMvTDhT2nW/rbX1jc2t7dJOeXdv/6BiHx61VZxKii0a81h2Q6KQM4EtzTTHbiKRRCHHTji5mfmdB5SKxeJeZwn6ERkJNmSUaCMFduXJ7UsiRhyDXGVqGtg1t+7O4awSryA1KNAM7K/+IKZphEJTTpTqeW6i/ZxIzSjHabmfKkwInZAR9gwVJELl5/PDp86pUQbOMJamhHbm6u+JnERKZVFoOiOix2rZm4n/eb1UD6/9nIkk1SjoYtEw5Y6OnVkKzoBJpJpnhhAqmbnVoWMiCdUmq7IJwVt+eZW0z+veZd29u6g1qkUcJTiBKpyBB1fQgFtoQgsopPAMr/BmPVov1rv1sWhds4qZY/gD6/MHOiOTXA==</latexit>

|0isys

(b)
<latexit sha1_base64="SDfuJs62KeDoMDKZRIAQulLk/RI=">AAAB/nicbVDLSsNAFJ3UV62vqLhyE1oEVyURRZcFN66kgn1AE8NketMOnUzCzEQoIeCvuHGhiFu/w51/46TNQlsPXO7hnHuZOydIGJXKtr+Nysrq2vpGdbO2tb2zu2fuH3RlnAoCHRKzWPQDLIFRDh1FFYN+IgBHAYNeMLku/N4jCEljfq+mCXgRHnEaUoKVlnzzCB4y6iZj6me3ftFzt01z32zYTXsGa5k4JWmgEm3f/HKHMUkj4IowLOXAsRPlZVgoShjkNTeVkGAywSMYaMpxBNLLZufn1olWhlYYC11cWTP190aGIymnUaAnI6zGctErxP+8QarCKy+jPEkVcDJ/KEyZpWKryMIaUgFEsakmmAiqb7XIGAtMlE6spkNwFr+8TLpnTeeiad+dN1r1Mo4qOkZ1dIocdIla6Aa1UQcRlKFn9IrejCfjxXg3PuajFaPcOUR/YHz+AK2Cldg=</latexit>

ei�N�
⇧

<latexit sha1_base64="OBJj1WlatwgPFft4ov+PdyABmx8=">AAACB3icbVDLSsNAFJ3UV62vqEtBhhahbkoiii4LblxWsQ9oQphMJ+3QyUyYmQgldOfGX3HjQhG3/oI7/8ZJm4W2HrhwOOde7r0nTBhV2nG+rdLK6tr6RnmzsrW9s7tn7x90lEglJm0smJC9ECnCKCdtTTUjvUQSFIeMdMPxde53H4hUVPB7PUmIH6MhpxHFSBspsI+9GOkRRiy7mwaZ11I0cKZ1jySKMsFPA7vmNJwZ4DJxC1IDBVqB/eUNBE5jwjVmSKm+6yTaz5DUFDMyrXipIgnCYzQkfUM5ionys9kfU3hilAGMhDTFNZypvycyFCs1iUPTmV+tFr1c/M/rpzq68jPKk1QTjueLopRBLWAeChxQSbBmE0MQltTcCvEISYS1ia5iQnAXX14mnbOGe9Fwbs9rzWoRRxkcgSqoAxdcgia4AS3QBhg8gmfwCt6sJ+vFerc+5q0lq5g5BH9gff4ADbqZUA==</latexit>

R 0(✏)

<latexit sha1_base64="fqN4ZUiIAM488FcEiLPe7FCqYzA=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LC2Cp5KIoseCF48V7Ac0MWy2m3bpZhN2N4US8k+8eFDEq//Em//GbZuDtj4YeLw3w8y8MOVMacf5tiobm1vbO9Xd2t7+weGRfXzSVUkmCe2QhCeyH2JFORO0o5nmtJ9KiuOQ0144uZv7vSmViiXiUc9S6sd4JFjECNZGCmybPuXMS8csyJ3Ca7MisBtO01kArRO3JA0o0Q7sL2+YkCymQhOOlRq4Tqr9HEvNCKdFzcsUTTGZ4BEdGCpwTJWfLy4v0LlRhihKpCmh0UL9PZHjWKlZHJrOGOuxWvXm4n/eINPRrZ8zkWaaCrJcFGUc6QTNY0BDJinRfGYIJpKZWxEZY4mJNmHVTAju6svrpHvZdK+bzsNVo1Uv46jCGdThAly4gRbcQxs6QGAKz/AKb1ZuvVjv1seytWKVM6fwB9bnD5+vk4w=</latexit>

ei�0⇧
<latexit sha1_base64="s5Zra+yZTD7s5JIFkh94sBwFM+0=">AAAB+HicbVDLSgNBEOz1GeMjqx69DAmCp7Arih4DXjxGMA9I1mV20psMmX0wMyvEJV/ixYMiXv0Ub/6Nk2QPmljQUFR1090VpIIr7Tjf1tr6xubWdmmnvLu3f1CxD4/aKskkwxZLRCK7AVUoeIwtzbXAbiqRRoHATjC+mfmdR5SKJ/G9nqToRXQY85Azqo3k2xV8yHk/HXHfJf0mn/p2zak7c5BV4hakBgWavv3VHyQsizDWTFCleq6Tai+nUnMmcFruZwpTysZ0iD1DYxqh8vL54VNyapQBCRNpKtZkrv6eyGmk1CQKTGdE9UgtezPxP6+X6fDay3mcZhpjtlgUZoLohMxSIAMukWkxMYQyyc2thI2opEybrMomBHf55VXSPq+7l3Xn7qLWqBZxlOAEqnAGLlxBA26hCS1gkMEzvMKb9WS9WO/Wx6J1zSpmjuEPrM8fLLGSqw==</latexit>
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a) Quantum phase estimation
benefits from large overlap [1]

b) Use amplitude amplification 
(AA) state preparation
proposed by Lin and Tong [2]

c) Approximate reflector ℛ*! 𝜖
implemented with quantum signal 
processing [2]

How do we quantify benefit?
How does error in ℛ*! 𝜖
propagate/affect benefit?

Quantification: T counts, Improvement 𝜄 3

• We compute full T counts for circuit Sec. 2, proxy for 
fault-tolerant runtimes, with and without state prep

To	quantify	benefit	we	define	the	improvement

𝜄 =
𝛾&+, 𝑇-!,# + 𝑇.)/(Δ𝐸)

𝛾'+,(𝑇-!,# + 𝑇.)/ Δ𝐸 + 𝑇00 𝛾& , 𝛾' )

• Asymptotic near-quadratic, 𝜄 ~ 1/(𝛾& log 𝛾&+,)

• We	prove	a	bound	on	 𝜖 𝑖𝑛 ℛ*! 𝜖 so overlap 𝛾' is 
guaranteed: 𝜖 ≤ (1 − 𝛾',/𝛾123, )/8𝑁&456,

Computed T counts and Improvements 4
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• Improvement as a function of plane wave basis 
set size 𝑁, QPE accuracy Δ𝐸; inset: T counts for 
state preparation

• Points are computed values, solid lines are fits
to asymptotic form in Sec. 3.

• Dashed descending line is starting point 𝛾&

Multiple orders of magnitude improvement
for large plane wave set with high accuracy: 

“quantum advantage” regime!
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