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Tomoki	Nosaka,		Towards	BH	interior	by	Magic	of	Chaos				--				1.	IntroducKon 2/25

-	How	can	we	see	(volume	of)	BH	interior	by	AdS/CFT?

-	Entanglement	entropy?
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<latexit sha1_base64="h7icBHNIZT7m+6JI4fOoBBeQThI="></latexit>

SAL[AR(| (t)ih (t)|)
<latexit sha1_base64="TxqB3S1m4Dv2TlLS4yfpSZbtvIo=">AAACGXicbVC7TsMwFHXKq5RXgJHFokJqlyopSDC2sDAwlEdbpCaKHNdtrTpOZDtIVdrfYOFXWBhAiBEm/gY3zQAtR7q6R+fcK/seP2JUKsv6NnJLyyura/n1wsbm1vaOubvXkmEsMGnikIXi3keSMMpJU1HFyH0kCAp8Rtr+8GLqtx+IkDTkd2oUETdAfU57FCOlJc+0br2k7l05OI5g3buZlMZOQ9KSKjsC8T4jDksbzNRx2TOLVsVKAReJnZEiyNDwzE+nG+I4IFxhhqTs2Fak3AQJRTEjk4ITSxIhPER90tGUo4BIN0kvm8AjrXRhLxS6uIKp+nsjQYGUo8DXkwFSAznvTcX/vE6semduQnkUK8Lx7KFezKAK4TQm2KWCYMVGmiAsqP4rxAMkEFY6zIIOwZ4/eZG0qhX7uFK9PinWzrM48uAAHIISsMEpqIFL0ABNgMEjeAav4M14Ml6Md+NjNpozsp198AfG1w+/TJ+C</latexit>
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<latexit sha1_base64="BE+Yzg16n1F0gpWHvAgK0BHwRP4=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe6ioGXUxsIiovmA5Ah7m02yZG/v2J0TwpGfYGOhiK2/yM5/4ya5QhMfDDzem2FmXhBLYdB1v53cyura+kZ+s7C1vbO7V9w/aJgo0YzXWSQj3Qqo4VIoXkeBkrdizWkYSN4MRjdTv/nEtRGResRxzP2QDpToC0bRSg9X3btuseSW3RnIMvEyUoIMtW7xq9OLWBJyhUxSY9qeG6OfUo2CST4pdBLDY8pGdMDblioacuOns1Mn5MQqPdKPtC2FZKb+nkhpaMw4DGxnSHFoFr2p+J/XTrB/6adCxQlyxeaL+okkGJHp36QnNGcox5ZQpoW9lbAh1ZShTadgQ/AWX14mjUrZOytX7s9L1essjjwcwTGcggcXUIVbqEEdGAzgGV7hzZHOi/PufMxbc042cwh/4Hz+AOIRjYg=</latexit>

AR
<latexit sha1_base64="qExzZh7UvCyyPki03pgSE3SCzn8=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHbRRI+oF4/44JHAhswOA0yYnd3M9JqQDZ/gxYPGePWLvPk3DrAHBSvppFLVne6uIJbCoOt+O7mV1bX1jfxmYWt7Z3evuH/QMFGiGa+zSEa6FVDDpVC8jgIlb8Wa0zCQvBmMbqZ+84lrIyL1iOOY+yEdKNEXjKKVHq66991iyS27M5Bl4mWkBBlq3eJXpxexJOQKmaTGtD03Rj+lGgWTfFLoJIbHlI3ogLctVTTkxk9np07IiVV6pB9pWwrJTP09kdLQmHEY2M6Q4tAselPxP6+dYP/ST4WKE+SKzRf1E0kwItO/SU9ozlCOLaFMC3srYUOqKUObTsGG4C2+vEwalbJ3Vq7cnZeq11kceTiCYzgFDy6gCrdQgzowGMAzvMKbI50X5935mLfmnGzmEP7A+fwB6ymNjg==</latexit>

SAL[AR
<latexit sha1_base64="QfHEkArAWypUESW4zLIpV2DBmBA=">AAAB+HicbVDJTgJBEK3BDXFh1KOXjsTEE5lBEz2CXjx4wIUlgcmkp2mgQ8+SXkxwwpd48aAxXv0Ub/6NDcxBwZdU8vJeVarqBQlnUjnOt5VbWV1b38hvFra2d3aL9t5+U8ZaENogMY9FO8CSchbRhmKK03YiKA4DTlvB6Grqtx6pkCyOHtQ4oV6IBxHrM4KVkXy7eO+nNf+mS3SCav7dxLdLTtmZAS0TNyMlyFD37a9uLyY6pJEiHEvZcZ1EeSkWihFOJ4WuljTBZIQHtGNohEMqvXR2+AQdG6WH+rEwFSk0U39PpDiUchwGpjPEaigXvan4n9fRqn/hpSxKtKIRmS/qa45UjKYpoB4TlCg+NgQTwcytiAyxwESZrAomBHfx5WXSrJTd03Ll9qxUvcziyMMhHMEJuHAOVbiGOjSAgIZneIU368l6sd6tj3lrzspmDuAPrM8f23SSkQ==</latexit>

vol(ERB)

t
<latexit sha1_base64="btWuKJH9/rrCxCKL5tGKBdwWU5A=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsN+3azSbsToQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IJHCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNnGqGW+xWMa6E1DDpVC8hQIl7ySa0yiQ/CEY3878hyeujYjVPU4S7kd0qEQoGEUrNbFfrrhVdw6ySrycVCBHo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKupYpG3PjZ/NApObPKgISxtqWQzNXfExmNjJlEge2MKI7MsjcT//O6KYbXfiZUkiJXbLEoTCXBmMy+JgOhOUM5sYQyLeythI2opgxtNiUbgrf88ipp16reRbXWvKzUb/I4inACp3AOHlxBHe6gAS1gwOEZXuHNeXRenHfnY9FacPKZY/gD5/MH4XeM/A==</latexit>

entanglement	is	not	enough ComputaKonal	complexity?

[Hartman,Maldacena,1303.1080]

[Susskind,1411.0690]

tt

tthermalize ⇠ L�
<latexit sha1_base64="qVXrmxBV7OQplcZ/jACBnvfoT84=">AAACCHicbVA9SwNBEN3zM8avqKWFi0GwCndR0DJoY2ERwXxAEsPeZpIs2b07dueEeKS08a/YWChi60+w89+4Sa7QxAcDj/dmmJnnR1IYdN1vZ2FxaXllNbOWXd/Y3NrO7exWTRhrDhUeylDXfWZAigAqKFBCPdLAlC+h5g8ux37tHrQRYXCLwwhaivUC0RWcoZXauQNsJ9gHrZgUDzBqGqHo9V3S9EWPC81H7VzeLbgT0HnipSRPUpTbua9mJ+SxggC5ZMY0PDfCVsI0Ci5hlG3GBiLGB6wHDUsDpsC0kskjI3pklQ7thtpWgHSi/p5ImDJmqHzbqRj2zaw3Fv/zGjF2z1uJCKIYIeDTRd1YUgzpOBXaERo4yqEljGthb6W8zzTjaLPL2hC82ZfnSbVY8E4KxZvTfOkijSND9skhOSYeOSMlckXKpEI4eSTP5JW8OU/Oi/PufExbF5x0Zo/8gfP5A9WUmns=</latexit>



Complexity
Tomoki	Nosaka,		M2-branes	and	discrete	Painlevé	systems				--				1.	IntroducKon 4/21

-	For	L	qubits:	1-	or	2-qubit	unitary	trsf. max	complexity:

Tomoki	Nosaka,		Towards	BH	interior	by	Magic	of	Chaos				--				1.	IntroducKon

-		Complexity	grows	linearly	in	t	unKl

-	number	of	simple	operaKons	to	reach	 | (t)i
<latexit sha1_base64="S08rVHJnY/FjiKoLuclIxvnImmU=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEI9VKSKuix6MVjBfsBTSib7aZdutmE3Y1QY3+JFw+KePWnePPfuG1z0NYHA4/3ZpiZFyScKe0431ZhbX1jc6u4XdrZ3dsv2weHbRWnktAWiXksuwFWlDNBW5ppTruJpDgKOO0E45uZ33mgUrFY3OtJQv0IDwULGcHaSH27/OQ1FavqM09iMeS0b1ecmjMHWiVuTiqQo9m3v7xBTNKICk04VqrnOon2Myw1I5xOS16qaILJGA9pz1CBI6r8bH74FJ0aZYDCWJoSGs3V3xMZjpSaRIHpjLAeqWVvJv7n9VIdXvkZE0mqqSCLRWHKkY7RLAU0YJISzSeGYCKZuRWREZaYaJNVyYTgLr+8Str1mnteq99dVBrXeRxFOIYTqIILl9CAW2hCCwik8Ayv8GY9Wi/Wu/WxaC1Y+cwR/IH1+QNZd5Lj</latexit>

O(e�L)
<latexit sha1_base64="F8ZUP1K8q7cAT9GHLooWY1JY2HM=">AAACAXicbVDLSsNAFL3xWesr6kZwM1iEuilJFXRZdONCsIJ9QBPLZDpph04ezEyEEuLGX3HjQhG3/oU7/8Zpm4W2HrhwOOde7r3HizmTyrK+jYXFpeWV1cJacX1jc2vb3NltyigRhDZIxCPR9rCknIW0oZjitB0LigOP05Y3vBz7rQcqJIvCOzWKqRvgfsh8RrDSUtfcTx2CObrJyvQ+dTzWJ0wQdJ0dd82SVbEmQPPEzkkJctS75pfTi0gS0FARjqXs2Fas3BQLxQinWdFJJI0xGeI+7Wga4oBKN518kKEjrfSQHwldoUIT9fdEigMpR4GnOwOsBnLWG4v/eZ1E+eduysI4UTQk00V+wpGK0DgO1GOCEsVHmmAimL4VkQEWmCgdWlGHYM++PE+a1Yp9UqnenpZqF3kcBTiAQyiDDWdQgyuoQwMIPMIzvMKb8WS8GO/Gx7R1wchn9uAPjM8fbMqWOQ==</latexit>

(� SEE ⇠ L�)
<latexit sha1_base64="o/x1cMR8U/UEPw6XjAHS3a5Rcmo=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBHqpiRV0GVRCi5cVLQPaGKYTKfp0JkkzEyEErJy46+4caGIW7/BnX/jtM1CWw9cOJxzL/fe48eMSmVZ38bC4tLyymphrbi+sbm1be7stmSUCEyaOGKR6PhIEkZD0lRUMdKJBUHcZ6TtDy/HfvuBCEmj8E6NYuJyFIS0TzFSWvLMg7ITBPDWS+v1zJGUw+v71PFpgKnA2bFnlqyKNQGcJ3ZOSiBHwzO/nF6EE05ChRmSsmtbsXJTJBTFjGRFJ5EkRniIAtLVNEScSDedvJHBI630YD8SukIFJ+rviRRxKUfc150cqYGc9cbif143Uf1zN6VhnCgS4umifsKgiuA4E9ijgmDFRpogLKi+FeIBEggrnVxRh2DPvjxPWtWKfVKp3pyWahd5HAWwDw5BGdjgDNTAFWiAJsDgETyDV/BmPBkvxrvxMW1dMPKZPfAHxucPBQ+YNg==</latexit>

,	same	as	vol(ERB)!

QuesKon:	Is	there	other	quanKty	which	shows	the	same	long-Kme	growth?

3/25

tsat ⇠ e�L � ttherm.
<latexit sha1_base64="Qfkp7mV7gCDQk1aszH3zo1AwM7Y=">AAACEXicbVC7SsRAFJ34dn2tWtoMLoLVkqig5aKNhYWC+4BNDJPZu9nBmSTM3AhLyC/Y+Cs2ForY2tn5N84+Cl8HLhzOuZd774kyKQy67qczMzs3v7C4tFxZWV1b36hubrVMmmsOTZ7KVHciZkCKBJooUEIn08BUJKEd3Z6N/PYdaCPS5BqHGQSKxYnoC87QSmF1H8PCMCx9IxSFm8KPRMyF5vSi9OOYWhcHoFW9DKs1t+6OQf8Sb0pqZIrLsPrh91KeK0iQS2ZM13MzDAqmUXAJZcXPDWSM37IYupYmTIEJivFHJd2zSo/2U20rQTpWv08UTBkzVJHtVAwH5rc3Ev/zujn2T4JCJFmOkPDJon4uKaZ0FA/tCQ0c5dASxrWwt1I+YJpxtCFWbAje75f/ktZB3TusH1wd1Rqn0ziWyA7ZJfvEI8ekQc7JJWkSTu7JI3kmL86D8+S8Om+T1hlnOrNNfsB5/wIfYJ3Q</latexit>

-		We	observed	that	magic	in	chaoKc	spin	chain	evolves	as

t
<latexit sha1_base64="btWuKJH9/rrCxCKL5tGKBdwWU5A=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsN+3azSbsToQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IJHCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNnGqGW+xWMa6E1DDpVC8hQIl7ySa0yiQ/CEY3878hyeujYjVPU4S7kd0qEQoGEUrNbFfrrhVdw6ySrycVCBHo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKupYpG3PjZ/NApObPKgISxtqWQzNXfExmNjJlEge2MKI7MsjcT//O6KYbXfiZUkiJXbLEoTCXBmMy+JgOhOUM5sYQyLeythI2opgxtNiUbgrf88ipp16reRbXWvKzUb/I4inACp3AOHlxBHe6gAS1gwOEZXuHNeXRenHfnY9FacPKZY/gD5/MH4XeM/A==</latexit>

⇠ e�L
<latexit sha1_base64="CMKC3TiPd6CBT+7Jr5Yk6I7TLa8=">AAAB/HicbVBNS8NAEJ34WetXtEcvi0XwVJIq6LHoxYOHCvYDmlg22027dLMJuxshhPpXvHhQxKs/xJv/xm2bg7Y+GHi8N8PMvCDhTGnH+bZWVtfWNzZLW+Xtnd29ffvgsK3iVBLaIjGPZTfAinImaEszzWk3kRRHAaedYHw99TuPVCoWi3udJdSP8FCwkBGsjdS3K55iEaIPuRewIWGSoNtJ3646NWcGtEzcglShQLNvf3mDmKQRFZpwrFTPdRLt51hqRjidlL1U0QSTMR7SnqECR1T5+ez4CToxygCFsTQlNJqpvydyHCmVRYHpjLAeqUVvKv7n9VIdXvo5E0mqqSDzRWHKkY7RNAk0YJISzTNDMJHM3IrICEtMtMmrbEJwF19eJu16zT2r1e/Oq42rIo4SHMExnIILF9CAG2hCCwhk8Ayv8GY9WS/Wu/Uxb12xipkK/IH1+QNJb5SI</latexit>

magic

magic	might	also	capture	BH	interior

-		A	different	"complexity"	which	counts	only	operaKons	difficult	to	simulate	in	classical	
					computer.

⇠ e�L
<latexit sha1_base64="CMKC3TiPd6CBT+7Jr5Yk6I7TLa8=">AAAB/HicbVBNS8NAEJ34WetXtEcvi0XwVJIq6LHoxYOHCvYDmlg22027dLMJuxshhPpXvHhQxKs/xJv/xm2bg7Y+GHi8N8PMvCDhTGnH+bZWVtfWNzZLW+Xtnd29ffvgsK3iVBLaIjGPZTfAinImaEszzWk3kRRHAaedYHw99TuPVCoWi3udJdSP8FCwkBGsjdS3K55iEaIPuRewIWGSoNtJ3646NWcGtEzcglShQLNvf3mDmKQRFZpwrFTPdRLt51hqRjidlL1U0QSTMR7SnqECR1T5+ez4CToxygCFsTQlNJqpvydyHCmVRYHpjLAeqUVvKv7n9VIdXvo5E0mqqSDzRWHKkY7RNAk0YJISzTNDMJHM3IrICEtMtMmrbEJwF19eJu16zT2r1e/Oq42rIo4SHMExnIILF9CAG2hCCwhk8Ayv8GY9WS/Wu/Uxb12xipkK/IH1+QNJb5SI</latexit>

ComputaKonal	complexity

Magic
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4.	Growth	of	magic	in	chaoKc	Ising	model



Clifford	group
5/25

Quantum	computer:	

Classical	computer:

need																	complex	numbers	to	describe

If	we	restrict	quantum	operaKons	to	Clifford	group						,	g	can	be	described	much	easier

:	Pauli	groupP = hXi, Zii
<latexit sha1_base64="qZTeUTXElMKndXnQJogvLuTg3Nw=">AAACAXicbVDLSsNAFL3xWesr6kZwM1gEF1KSKuhGKLpxWcE+sAlhMp20QyeTMDMRSqkbf8WNC0Xc+hfu/BunaRfaeuDCmXPuZe49YcqZ0o7zbS0sLi2vrBbWiusbm1vb9s5uQyWZJLROEp7IVogV5UzQumaa01YqKY5DTpth/3rsNx+oVCwRd3qQUj/GXcEiRrA2UmDv1y49jkWXU9QK2Ml9wDyZPwO75JSdHGieuFNSgilqgf3ldRKSxVRowrFSbddJtT/EUjPC6ajoZYqmmPRxl7YNFTimyh/mF4zQkVE6KEqkKaFRrv6eGOJYqUEcms4Y656a9cbif14709GFP2QizTQVZPJRlHGkEzSOA3WYpETzgSGYSGZ2RaSHJSbahFY0IbizJ8+TRqXsnpYrt2el6tU0jgIcwCEcgwvnUIUbqEEdCDzCM7zCm/VkvVjv1sekdcGazuzBH1ifP6CRll4=</latexit>

-																is	permutaKon	in										:	characterized	uniquely	only	by	2N	images	of													

-							is	a	finite	group	generated	by

|0i
<latexit sha1_base64="mFbyg4gJW0ZXAvvu82LjFXT3NAg=">AAAB8HicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fj04rGC/ZA2lM120i7dbMLuRiixv8KLB0W8+nO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6mfqtR1Sax/LejBP0IzqQPOSMGis9PLldReVAYK9UdivuDGSZeDkpQ456r/TV7ccsjVAaJqjWHc9NjJ9RZTgTOCl2U40JZSM6wI6lkkao/Wx28IScWqVPwljZkobM1N8TGY20HkeB7YyoGepFbyr+53VSE175GZdJalCy+aIwFcTEZPo96XOFzIixJZQpbm8lbEgVZcZmVLQheIsvL5NmteKdV6p3F+XadR5HAY7hBM7Ag0uowS3UoQEMIniGV3hzlPPivDsf89YVJ585gj9wPn8AtneQWQ==</latexit>

|1i
<latexit sha1_base64="HYi+qGuWADJ/vOJt8E+CnN5z0G4=">AAAB8HicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fj04rGC/ZA2lM120i7dbMLuRiixv8KLB0W8+nO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6mfqtR1Sax/LejBP0IzqQPOSMGis9PHldReVAYK9UdivuDGSZeDkpQ456r/TV7ccsjVAaJqjWHc9NjJ9RZTgTOCl2U40JZSM6wI6lkkao/Wx28IScWqVPwljZkobM1N8TGY20HkeB7YyoGepFbyr+53VSE175GZdJalCy+aIwFcTEZPo96XOFzIixJZQpbm8lbEgVZcZmVLQheIsvL5NmteKdV6p3F+XadR5HAY7hBM7Ag0uowS3UoQEMIniGV3hzlPPivDsf89YVJ585gj9wPn8AuAKQWg==</latexit>

Tomoki	Nosaka,		Towards	BH	interior	by	Magic	of	Chaos				--				2.	Stabilizer	formalism

[Goiesman,9807006]

g 2 U(2L)
<latexit sha1_base64="UtadYpMDtL12e8uuT/4FFwoB8WE=">AAAB8nicbVA9SwNBEJ3zM8avqKXNYhBiE+6ioGXQxsIigpcELmfY2+wlS/Z2j909IYT8DBsLRWz9NXb+GzfJFZr4YODx3gwz86KUM21c99tZWV1b39gsbBW3d3b39ksHh00tM0WoTySXqh1hTTkT1DfMcNpOFcVJxGkrGt5M/dYTVZpJ8WBGKQ0T3BcsZgQbKwX9DhPIr9Qe7866pbJbdWdAy8TLSRlyNLqlr05PkiyhwhCOtQ48NzXhGCvDCKeTYifTNMVkiPs0sFTghOpwPDt5gk6t0kOxVLaEQTP198QYJ1qPksh2JtgM9KI3Ff/zgszEV+GYiTQzVJD5ojjjyEg0/R/1mKLE8JElmChmb0VkgBUmxqZUtCF4iy8vk2at6p1Xa/cX5fp1HkcBjuEEKuDBJdThFhrgAwEJz/AKb45xXpx352PeuuLkM0fwB87nD5xmkCg=</latexit>

2L ⇥ 2L
<latexit sha1_base64="wNeZfJ4DzJpqm5pJs9LruVthiYY=">AAACB3icbVC7SgNBFJ31GeMrainIYBCswm4UtAzaWFhEMA9I1jA7e5MMmX0wc1cMSzobf8XGQhFbf8HOv3GSbKGJBwYO59w7Z+Z4sRQabfvbWlhcWl5Zza3l1zc2t7YLO7t1HSWKQ41HMlJNj2mQIoQaCpTQjBWwwJPQ8AaXY79xD0qLKLzFYQxuwHqh6ArO0EidwkEb4QEn96QK/FFavrtuowhAU8NGnULRLtkT0HniZKRIMlQ7ha+2H/EkgBC5ZFq3HDtGN2UKBZcwyrcTDTHjA9aDlqEhM0luOskf0SOj+LQbKXNCpBP190bKAq2HgWcmA4Z9PeuNxf+8VoLdczcVYZwghHwa1E0kxYiOS6G+UMBRDg1hXAnzVsr7TDGOprq8KcGZ/fI8qZdLzkmpfHNarFxkdeTIPjkkx8QhZ6RCrkiV1Agnj+SZvJI368l6sd6tj+nogpXt7JE/sD5/AGDkmZw=</latexit>

Xi =

✓
0 1
1 0

◆

i

, Zi =

✓
1 0
0 �1

◆

i
<latexit sha1_base64="m1QRW07jWP4hMOq9gZgvcoe4lfY="></latexit>

Xi, Zi
<latexit sha1_base64="T+HhyVpiO6j4SSqWeJBk3uis2B0=">AAACAXicbVDLSgNBEJz1GeMr6kXwMhgEDxJ2o6DHoBePEcwDk7DMTnqTIbMPZnrFsMSLv+LFgyJe/Qtv/o2TZA+aWNBQVHVPT5cXS6HRtr+thcWl5ZXV3Fp+fWNza7uws1vXUaI41HgkI9X0mAYpQqihQAnNWAELPAkNb3A19hv3oLSIwlscxtAJWC8UvuAMjeQW9tsIDzh5J1XQHaVNV5zcuWLkFop2yZ6AzhMnI0WSoeoWvtrdiCcBhMgl07rl2DF2UqZQcAmjfDvREDM+YD1oGRqyAHQnnWwe0SOjdKkfKVMh0on6eyJlgdbDwDOdAcO+nvXG4n9eK0H/opOKME4QQj5d5CeSYkTHcdCuUMBRDg1hXAnzV8r7TDGOJrS8CcGZPXme1Msl57RUvjkrVi6zOHLkgBySY+KQc1Ih16RKaoSTR/JMXsmb9WS9WO/Wx7R1wcpm9sgfWJ8/XuSXeA==</latexit>

Hi, Si,CNOTij
<latexit sha1_base64="8II9grXZu1kKRqt+de9qoDXB2Ig=">AAACAXicbVDLSsNAFJ34rPUVdSO4CRbBhZSkCrosdtOVVuwL2hAm00k7dvJg5kYsIW78FTcuFHHrX7jzb5y2WWjrgQuHc+7l3nvciDMJpvmtLSwuLa+s5tby6xubW9v6zm5ThrEgtEFCHoq2iyXlLKANYMBpOxIU+y6nLXdYGfuteyokC4M6jCJq+7gfMI8RDEpy9P2qw05uVXWBPkBSubqup07C7lJHL5hFcwJjnlgZKaAMNUf/6vZCEvs0AMKxlB3LjMBOsABGOE3z3VjSCJMh7tOOogH2qbSTyQepcaSUnuGFQlUAxkT9PZFgX8qR76pOH8NAznpj8T+vE4N3YScsiGKgAZku8mJuQGiM4zB6TFACfKQIJoKpWw0ywAITUKHlVQjW7MvzpFkqWqfF0s1ZoXyZxZFDB+gQHSMLnaMyqqIaaiCCHtEzekVv2pP2or1rH9PWBS2b2UN/oH3+APnclpk=</latexit>

states	=	discrete	set	{|00i, |01i, |10i, |11i}
<latexit sha1_base64="njhqTuAQxQQt0XXrp3BG/IYCVsM=">AAACGHicbZDLSgMxFIYz9VbrbdSlm8EiuJCaVEGXRTcuK9gLdIaSSTNtaCYzJBmhTPsYbnwVNy4Ucdudb2PajrfWHwI/3zmHk/P7MWdKQ/hh5ZaWV1bX8uuFjc2t7R17d6+uokQSWiMRj2TTx4pyJmhNM81pM5YUhz6nDb9/Pak37qlULBJ3ehBTL8RdwQJGsDaobZ+66RBCV2LR5fRkCNG3RT8UfVF31LaLsASnchYNykwRZKq27bHbiUgSUqEJx0q1EIy1l2KpGeF0VHATRWNM+rhLW8YKHFLlpdPDRs6RIR0niKR5QjtT+nsixaFSg9A3nSHWPTVfm8D/aq1EB5deykScaCrIbFGQcEdHziQlp8MkJZoPjMFEMvNXh/SwxESbLAsmBDR/8qKpl0vorFS+PS9WrrI48uAAHIJjgMAFqIAbUAU1QMADeAIv4NV6tJ6tN+t91pqzspl98EfW+BOYYJ+B</latexit>

operators	=	discrete	permutaKons g 2 S2L
<latexit sha1_base64="kL0ZLH09Lu7GbH5+ZJ+GZeNGeTo=">AAAB83icbVA9SwNBEJ2NXzF+RS1tFoNgFe6ioGXQxsIiovmA3Bn2NnvJkr29Y3dPCEf+ho2FIrb+GTv/jZvkCk18MPB4b4aZeUEiuDaO840KK6tr6xvFzdLW9s7uXnn/oKXjVFHWpLGIVScgmgkuWdNwI1gnUYxEgWDtYHQ99dtPTGkeywczTpgfkYHkIafEWMkbeFzi+15We7yd9MoVp+rMgJeJm5MK5Gj0yl9eP6ZpxKShgmjddZ3E+BlRhlPBJiUv1SwhdEQGrGupJBHTfja7eYJPrNLHYaxsSYNn6u+JjERaj6PAdkbEDPWiNxX/87qpCS/9jMskNUzS+aIwFdjEeBoA7nPFqBFjSwhV3N6K6ZAoQo2NqWRDcBdfXiatWtU9q9buziv1qzyOIhzBMZyCCxdQhxtoQBMoJPAMr/CGUvSC3tHHvLWA8plD+AP0+QNQtpE2</latexit>

Cl = {g 2 U(2L)|gPg† = P}
<latexit sha1_base64="zsh5DyMrEVV9tkCXzGtuynhZnTE=">AAACC3icbVDLSsNAFJ34rPVVdelmaBHqpiRV0E2h2I0LFxHsA5q0TCbTdOhkEmYmQondu/FX3LhQxK0/4M6/cdpmoa0HLhzOuZd77/FiRqUyzW9jZXVtfWMzt5Xf3tnd2y8cHLZklAhMmjhikeh4SBJGOWkqqhjpxIKg0GOk7Y0aU799T4SkEb9T45i4IQo4HVCMlJb6hWKD1Zw0cCiHzXK1d3P6ENhBz/FREBABa9B2Jv1CyayYM8BlYmWkBDLY/cKX40c4CQlXmCEpu5YZKzdFQlHMyCTvJJLECI9QQLqachQS6aazXybwRCs+HERCF1dwpv6eSFEo5Tj0dGeI1FAuelPxP6+bqMGlm1IeJ4pwPF80SBhUEZwGA30qCFZsrAnCgupbIR4igbDS8eV1CNbiy8ukVa1YZ5Xq7XmpfpXFkQPHoAjKwAIXoA6ugQ2aAINH8AxewZvxZLwY78bHvHXFyGaOwB8Ynz9wmplm</latexit>

Cl
<latexit sha1_base64="PMdc7pppNYC6qnOO0fSrlQIChhk=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9FjsxWMV+wFtKJvtpF262YTdjVBC/4EXD4p49R9589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WBcn/ntJ1Sax/LRTBL0IzqUPOSMGis91EW/VHYr7hxklXg5KUOORr/01RvELI1QGiao1l3PTYyfUWU4Ezgt9lKNCWVjOsSupZJGqP1sfumUnFtlQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxPe+BmXSWpQssWiMBXExGT2NhlwhcyIiSWUKW5vJWxEFWXGhlO0IXjLL6+SVrXiXVaq91fl2m0eRwFO4QwuwINrqMEdNKAJDEJ4hld4c8bOi/PufCxa15x85gT+wPn8AWAZjUE=</latexit>

g 2 Cl
<latexit sha1_base64="x30gaEy63IjXGiqdqqToJ5y8QNw=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMdiLx4r2A9oQ9lsJ+3SzSbsboQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoJJY+53nlBpHstHM03Qj+hI8pAzaqzUGfW5JA0xKFfcqrsAWSdeTiqQozkof/WHMUsjlIYJqnXPcxPjZ1QZzgTOSv1UY0LZhI6wZ6mkEWo/W5w7IxdWGZIwVrakIQv190RGI62nUWA7I2rGetWbi/95vdSEt37GZZIalGy5KEwFMTGZ/06GXCEzYmoJZYrbWwkbU0WZsQmVbAje6svrpF2relfV2sN1pX6Xx1GEMziHS/DgBupwD01oAYMJPMMrvDmJ8+K8Ox/L1oKTz5zCHzifP74kjy0=</latexit>

Cl
<latexit sha1_base64="PMdc7pppNYC6qnOO0fSrlQIChhk=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9FjsxWMV+wFtKJvtpF262YTdjVBC/4EXD4p49R9589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WBcn/ntJ1Sax/LRTBL0IzqUPOSMGis91EW/VHYr7hxklXg5KUOORr/01RvELI1QGiao1l3PTYyfUWU4Ezgt9lKNCWVjOsSupZJGqP1sfumUnFtlQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxPe+BmXSWpQssWiMBXExGT2NhlwhcyIiSWUKW5vJWxEFWXGhlO0IXjLL6+SVrXiXVaq91fl2m0eRwFO4QwuwINrqMEdNKAJDEJ4hld4c8bOi/PufCxa15x85gT+wPn8AWAZjUE=</latexit>

S|P |
<latexit sha1_base64="AQlwpfGJmvsF6ebHeBOgQBmGaUI=">AAAB7nicbVDLTgJBEOzFF+IL9ehlIjHxRHbRRI9ELx4xyiOBDZkdBpgwO7uZ6TUhCx/hxYPGePV7vPk3DrAHBSvppFLVne6uIJbCoOt+O7m19Y3Nrfx2YWd3b/+geHjUMFGiGa+zSEa6FVDDpVC8jgIlb8Wa0zCQvBmMbmd+84lrIyL1iOOY+yEdKNEXjKKVmg/ddFKbTLvFklt25yCrxMtICTLUusWvTi9iScgVMkmNaXtujH5KNQom+bTQSQyPKRvRAW9bqmjIjZ/Oz52SM6v0SD/SthSSufp7IqWhMeMwsJ0hxaFZ9mbif147wf61nwoVJ8gVWyzqJ5JgRGa/k57QnKEcW0KZFvZWwoZUU4Y2oYINwVt+eZU0KmXvoly5vyxVb7I48nACp3AOHlxBFe6gBnVgMIJneIU3J3ZenHfnY9Gac7KZY/gD5/MHjnmPtg==</latexit>

g	can	be	idenKfied	with	a	classical	operator

Hi =
1p
2

✓
1 1
1 �1

◆

<latexit sha1_base64="gGF/XA+8Dc2C8QY1rahFUAtn8yw="></latexit>

Si =

✓
1 0
0 i

◆

<latexit sha1_base64="owOOy0imN+ZOHwCxh6hsYIMjQ8Y=">AAACFHicbVBNS8NAEN3Urxq/oh69BItFEEpSBb0IRS8eK9oPaELZbKft0s0m7G7EEvojvPhXvHhQxKsHb/4bt20QbX0w8Hhvhpl5QcyoVI7zZeQWFpeWV/Kr5tr6xuaWtb1Tl1EiCNRIxCLRDLAERjnUFFUMmrEAHAYMGsHgcuw37kBIGvFbNYzBD3GP0y4lWGmpbR3dtOm5F0CP8jQOsRL0fmS6RcfzTKdITQ9450dvWwWn5ExgzxM3IwWUodq2Pr1ORJIQuCIMS9lynVj5KRaKEgYj00skxJgMcA9amnIcgvTTyVMj+0ArHbsbCV1c2RP190SKQymHYaA79X19OeuNxf+8VqK6Z35KeZwo4GS6qJswW0X2OCG7QwUQxYaaYCKovtUmfSwwUTpHU4fgzr48T+rlkntcKl+fFCoXWRx5tIf20SFy0SmqoCtURTVE0AN6Qi/o1Xg0no03433amjOymV30B8bHN1Mtnb8=</latexit>

Xi ! Zi
<latexit sha1_base64="73Qr+1RTn69cCxKLU4lfzaBebLI=">AAAB+3icbVBNSwMxEJ31s9avtR69BIvgqexWQY9FLx4r2A9slyWbZtvQbLIkWbWU/hUvHhTx6h/x5r8xbfegrQ8GHu/NMDMvSjnTxvO+nZXVtfWNzcJWcXtnd2/fPSg1tcwUoQ0iuVTtCGvKmaANwwyn7VRRnESctqLh9dRvPVClmRR3ZpTSIMF9wWJGsLFS6JbaIesq1h8YrJR8RPchC92yV/FmQMvEz0kZctRD96vbkyRLqDCEY607vpeaYIyVYYTTSbGbaZpiMsR92rFU4ITqYDy7fYJOrNJDsVS2hEEz9ffEGCdaj5LIdibYDPSiNxX/8zqZiS+DMRNpZqgg80VxxpGRaBoE6jFFieEjSzBRzN6KyAArTIyNq2hD8BdfXibNasU/q1Rvz8u1qzyOAhzBMZyCDxdQgxuoQwMIPMEzvMKbM3FenHfnY9664uQzh/AHzucPAeWUag==</latexit>

Zi ! Xi
<latexit sha1_base64="lkP5E2Vd+i2Era60xYfxVZZKQJk=">AAAB+3icbVBNSwMxEJ31s9avtR69BIvgqexWQY9FLx4r2A9slyWbZtvQbLIkWbWU/hUvHhTx6h/x5r8xbfegrQ8GHu/NMDMvSjnTxvO+nZXVtfWNzcJWcXtnd2/fPSg1tcwUoQ0iuVTtCGvKmaANwwyn7VRRnESctqLh9dRvPVClmRR3ZpTSIMF9wWJGsLFS6JbuQ9ZVrD8wWCn5iNohC92yV/FmQMvEz0kZctRD96vbkyRLqDCEY607vpeaYIyVYYTTSbGbaZpiMsR92rFU4ITqYDy7fYJOrNJDsVS2hEEz9ffEGCdaj5LIdibYDPSiNxX/8zqZiS+DMRNpZqgg80VxxpGRaBoE6jFFieEjSzBRzN6KyAArTIyNq2hD8BdfXibNasU/q1Rvz8u1qzyOAhzBMZyCDxdQgxuoQwMIPMEzvMKbM3FenHfnY9664uQzh/AHzucPAgOUag==</latexit>

Xi ! Yi
<latexit sha1_base64="AVaiLqHC0lO0Zekq6QTDpMVMhjM=">AAAB+3icbVBNSwMxEJ31s9avtR69BIvgqexWQY9FLx4r2A9plyWbZtvQbLIkWbWU/hUvHhTx6h/x5r8xbfegrQ8GHu/NMDMvSjnTxvO+nZXVtfWNzcJWcXtnd2/fPSg1tcwUoQ0iuVTtCGvKmaANwwyn7VRRnESctqLh9dRvPVClmRR3ZpTSIMF9wWJGsLFS6JbaIesq1h8YrJR8RPchC92yV/FmQMvEz0kZctRD96vbkyRLqDCEY607vpeaYIyVYYTTSbGbaZpiMsR92rFU4ITqYDy7fYJOrNJDsVS2hEEz9ffEGCdaj5LIdibYDPSiNxX/8zqZiS+DMRNpZqgg80VxxpGRaBoE6jFFieEjSzBRzN6KyAArTIyNq2hD8BdfXibNasU/q1Rvz8u1qzyOAhzBMZyCDxdQgxuoQwMIPMEzvMKbM3FenHfnY9664uQzh/AHzucPAF+UaQ==</latexit>

Xi ! XiXj
<latexit sha1_base64="e6RuffgJYNftZTe/w+69u+hk15c=">AAAB/nicbVBNS8NAEJ3Ur1q/ouLJy2IRPJVEBT0WvXisYNtAG8Jmu2nXbrJhd6OUUPCvePGgiFd/hzf/jds2B219MPD2vRl25oUpZ0o7zrdVWlpeWV0rr1c2Nre2d+zdvZYSmSS0SQQX0guxopwltKmZ5tRLJcVxyGk7HF5P/PYDlYqJ5E6PUurHuJ+wiBGsjRTYB17AupL1BxpLKR6ReXrBfWBXnZozBVokbkGqUKAR2F/dniBZTBNNOFaq4zqp9nMsNSOcjivdTNEUkyHu046hCY6p8vPp+mN0bJQeioQ0lWg0VX9P5DhWahSHpjPGeqDmvYn4n9fJdHTp5yxJM00TMvsoyjjSAk2yQD0mKdF8ZAgmkpldERlgiYk2iVVMCO78yYukdVpzz2qnt+fV+lURRxkO4QhOwIULqMMNNKAJBHJ4hld4s56sF+vd+pi1lqxiZh/+wPr8ATqOlac=</latexit>

Zj ! ZiZj
<latexit sha1_base64="/y+8pmNtOrHIWx4eFuab02HvNNc=">AAAB/nicbVBNS8NAEJ3Ur1q/ouLJy2IRPJVEBT0WvXisYD9oG8Jmu2nXbrJhd6OUUPCvePGgiFd/hzf/jds2B219MPB4b4aZeUHCmdKO820VlpZXVteK66WNza3tHXt3r6FEKgmtE8GFbAVYUc5iWtdMc9pKJMVRwGkzGF5P/OYDlYqJ+E6PEupFuB+zkBGsjeTbB23/vitZf6CxlOIRtX1mFN8uOxVnCrRI3JyUIUfNt7+6PUHSiMaacKxUx3US7WVYakY4HZe6qaIJJkPcpx1DYxxR5WXT88fo2Cg9FAppKtZoqv6eyHCk1CgKTGeE9UDNexPxP6+T6vDSy1icpJrGZLYoTDnSAk2yQD0mKdF8ZAgmkplbERlgiYk2iZVMCO78y4ukcVpxzyqnt+fl6lUeRxEO4QhOwIULqMIN1KAOBDJ4hld4s56sF+vd+pi1Fqx8Zh/+wPr8AUVyla4=</latexit>

CNOTij : |si, sji ! |si, (sj + si mod2)i
<latexit sha1_base64="Q1EVRcfeC5DzrMqGr6bZq68v+X4="></latexit>



Stabilizer	states
6/25

Quantum	computer	which	consists	only	of	Clifford	gates,	projecKon	measurement	with	
Pauli	operators,	state	preparaKon	with								can	be	efficiently	simulated	with	classical	
computer	(of														bits)

Define	stabilizer	pure	states	St	as

Tomoki	Nosaka,		Towards	BH	interior	by	Magic	of	Chaos				--				2.	Stabilizer	formalism

Goiesman-Knill's	theorem

O(L2)
<latexit sha1_base64="o6nnHsZ6Yq6xUen94lk5NQy8S20=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBahXkpSBT0WvXgQrGA/oI1ls920SzebuLsplNDf4cWDIl79Md78N27THLT1wcDjvRlm5nkRZ0rb9reVW1ldW9/Ibxa2tnd294r7B00VxpLQBgl5KNseVpQzQRuaaU7bkaQ48DhteaPrmd8aU6lYKB70JKJugAeC+YxgbSQ36RLM0d20fPtYPe0VS3bFToGWiZOREmSo94pf3X5I4oAKTThWquPYkXYTLDUjnE4L3VjRCJMRHtCOoQIHVLlJevQUnRilj/xQmhIaperviQQHSk0Cz3QGWA/VojcT//M6sfYv3YSJKNZUkPkiP+ZIh2iWAOozSYnmE0MwkczcisgQS0y0yalgQnAWX14mzWrFOatU789LtassjjwcwTGUwYELqMEN1KEBBJ7gGV7hzRpbL9a79TFvzVnZzCH8gfX5A0nPkSA=</latexit>

St = {g|0 · · · 0i|g 2 Cl}
<latexit sha1_base64="Aii7nYfBDXGJ/OxunRCFyKYKnvE=">AAACCnicbVDLSsNAFJ34rPVVdelmtAiuSlIF3QjFblxWtA9oQplMpunQySTM3Agl7dqNv+LGhSJu/QJ3/o3Tx0JbD1w4nHMv997jJ4JrsO1va2l5ZXVtPbeR39za3tkt7O03dJwqyuo0FrFq+UQzwSWrAwfBWoliJPIFa/r96thvPjCleSzvYZAwLyKh5F1OCRipUzi6gys3C4e2S4MYNLZdRWQo2DB0ucRV4Y46haJdsifAi8SZkSKaodYpfLlBTNOISaCCaN127AS8jCjgVLBR3k01Swjtk5C1DZUkYtrLJq+M8IlRAtyNlSkJeKL+nshIpPUg8k1nRKCn572x+J/XTqF76WVcJikwSaeLuqnAEONxLjjgilEQA0MIVdzcimmPKELBpJc3ITjzLy+SRrnknJXKt+fFyvUsjhw6RMfoFDnoAlXQDaqhOqLoET2jV/RmPVkv1rv1MW1dsmYzB+gPrM8fsT+aQw==</latexit>

St
<latexit sha1_base64="VYXE6MZCJvHEM55JFgqJJThDqLA=">AAAB6XicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHoxWN85AHJEmYns8mQ2dllplcIS/7AiwdFvPpH3vwbJ8keNLGgoajqprsrSKQw6Lrfzsrq2vrGZmGruL2zu7dfOjhsmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGN1O/9cS1EbF6xHHC/YgOlAgFo2il+wfslcpuxZ2BLBMvJ2XIUe+Vvrr9mKURV8gkNabjuQn6GdUomOSTYjc1PKFsRAe8Y6miETd+Nrt0Qk6t0idhrG0pJDP190RGI2PGUWA7I4pDs+hNxf+8TorhlZ8JlaTIFZsvClNJMCbTt0lfaM5Qji2hTAt7K2FDqilDG07RhuAtvrxMmtWKd16p3l2Ua9d5HAU4hhM4Aw8uoQa3UIcGMAjhGV7hzRk5L8678zFvXXHymSP4A+fzB4SJjVk=</latexit>

:	characterized	as	the	simultaneous	eigenstate	of													with

AcKon	of														on	St	can	be	regarded	as	a	permutaKon.g 2 Cl
<latexit sha1_base64="x30gaEy63IjXGiqdqqToJ5y8QNw=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMdiLx4r2A9oQ9lsJ+3SzSbsboQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoJJY+53nlBpHstHM03Qj+hI8pAzaqzUGfW5JA0xKFfcqrsAWSdeTiqQozkof/WHMUsjlIYJqnXPcxPjZ1QZzgTOSv1UY0LZhI6wZ6mkEWo/W5w7IxdWGZIwVrakIQv190RGI62nUWA7I2rGetWbi/95vdSEt37GZZIalGy5KEwFMTGZ/06GXCEzYmoJZYrbWwkbU0WZsQmVbAje6svrpF2relfV2sN1pX6Xx1GEMziHS/DgBupwD01oAYMJPMMrvDmJ8+K8Ox/L1oKTz5zCHzifP74kjy0=</latexit>

gZig
†

<latexit sha1_base64="fnXDZqzCLUnVX05eOdZQFgeVH78=">AAAB9HicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHoxWME88BkDbOzvZshsw9nZgMh5Du8eFDEqx/jzb9xkuxBEwsaiqpuuru8VHClbfvbWlldW9/YLGwVt3d29/ZLB4dNlWSSYYMlIpFtjyoUPMaG5lpgO5VII09gyxvcTP3WEKXiSXyvRym6EQ1jHnBGtZHc8KHHw8euT8MQZa9Utiv2DGSZODkpQ456r/TV9ROWRRhrJqhSHcdOtTumUnMmcFLsZgpTygY0xI6hMY1QuePZ0RNyahSfBIk0FWsyU39PjGmk1CjyTGdEdV8telPxP6+T6eDKHfM4zTTGbL4oyATRCZkmQHwukWkxMoQyyc2thPWppEybnIomBGfx5WXSrFac80r17qJcu87jKMAxnMAZOHAJNbiFOjSAwRM8wyu8WUPrxXq3PuatK1Y+cwR/YH3+AL2dkhQ=</latexit>

(gZig
†)|Si = |Si

<latexit sha1_base64="iNyG6lIruO6ocPlOvX6ak1M2Z7U=">AAACC3icbZDLSsNAFIYn9VbrLerSTWgR6qYkVdCNUHTjsqK9YBPLZHqaDp1MwsxEKLF7N76KGxeKuPUF3Pk2Ti+Itv4w8PGfczhzfj9mVCrb/jIyC4tLyyvZ1dza+sbmlrm9U5dRIgjUSMQi0fSxBEY51BRVDJqxABz6DBp+/3xUb9yBkDTi12oQgxfigNMuJVhpq23mi8FNmwa3bgcHAYiD+ytXYB4wOP2htlmwS/ZY1jw4Uyigqapt89PtRCQJgSvCsJQtx46Vl2KhKGEwzLmJhBiTPg6gpZHjEKSXjm8ZWvva6VjdSOjHlTV2f0+kOJRyEPq6M8SqJ2drI/O/WitR3RMvpTxOFHAyWdRNmKUiaxSM1aECiGIDDZgIqv9qkR4WmCgdX06H4MyePA/1csk5LJUvjwqVs2kcWbSH8qiIHHSMKugCVVENEfSAntALejUejWfjzXiftGaM6cwu+iPj4xvUpZrt</latexit>

|St| ⇠ 2
L2

2
<latexit sha1_base64="Tas3sjUZ5V4iZAs7+SlrydxGT84=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBbBVUmioMuiGxcuKtoHNGmZTCft0JkkzEyEkgbc+CtuXCji1p9w5984bbPQ1gMXDufcy733+DGjUlnWt1FYWl5ZXSuulzY2t7Z3zN29howSgUkdRywSLR9JwmhI6ooqRlqxIIj7jDT94dXEbz4QIWkU3qtRTDyO+iENKEZKS13zYHynxq6kHDqd1A0EwulNx8lSJ8u6ZtmqWFPARWLnpAxy1Lrml9uLcMJJqDBDUrZtK1ZeioSimJGs5CaSxAgPUZ+0NQ0RJ9JLpz9k8FgrPRhEQleo4FT9PZEiLuWI+7qTIzWQ895E/M9rJyq48FIaxokiIZ4tChIGVQQngcAeFQQrNtIEYUH1rRAPkA5C6dhKOgR7/uVF0nAq9mnFuT0rVy/zOIrgEByBE2CDc1AF16AG6gCDR/AMXsGb8WS8GO/Gx6y1YOQz++APjM8f8OKXtQ==</latexit>

|↵i 2 St
<latexit sha1_base64="Q+aNGKCvazUxhHAiPzBPLMRcFVg=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5JUQZdFNy4r2gc0odxMJ+3QySTMTIQai7/ixoUibv0Pd/6N0zYLbT1w4XDOvdx7T5BwprTjfFuFpeWV1bXiemljc2t7x97da6o4lYQ2SMxj2Q5AUc4EbWimOW0nkkIUcNoKhlcTv3VPpWKxuNOjhPoR9AULGQFtpK598OgBTwbgSRB9Tj0m8K3u2mWn4kyBF4mbkzLKUe/aX14vJmlEhSYclOq4TqL9DKRmhNNxyUsVTYAMoU87hgqIqPKz6fVjfGyUHg5jaUpoPFV/T2QQKTWKAtMZgR6oeW8i/ud1Uh1e+BkTSaqpILNFYcqxjvEkCtxjkhLNR4YAkczciskAJBBtAiuZENz5lxdJs1pxTyvVm7Ny7TKPo4gO0RE6QS46RzV0jeqogQh6QM/oFb1ZT9aL9W59zFoLVj6zj/7A+vwBiI2VRA==</latexit>



Universal	quantum	computa7on	and	"magic"
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If	we	add	the	T-gate	to	Clifford	group,	product	of	the	elements	do	not	close	at	finite	
order,	and	can	approximate	any	element	of														in	infinitely	high	precision.

T =

✓
1 0
0 e

⇡i
4

◆

<latexit sha1_base64="OqJBzZ5VNfk3F0+YoqgB/RyK5pA="></latexit> Zi ! Zi
<latexit sha1_base64="UOdfAc+9wis5ZWiJ3O8aqzxPXkw=">AAAB+3icbVDLSgMxFM34rPU11qWbYBFclZkq6LLoxmUF+8B2GDJppg3NJENyRy2lv+LGhSJu/RF3/o1pOwttPXDh5Jx7yb0nSgU34Hnfzsrq2vrGZmGruL2zu7fvHpSaRmWasgZVQul2RAwTXLIGcBCsnWpGkkiwVjS8nvqtB6YNV/IORikLEtKXPOaUgJVCt3Qf8q7m/QEQrdUjts/QLXsVbwa8TPyclFGOeuh+dXuKZgmTQAUxpuN7KQRjooFTwSbFbmZYSuiQ9FnHUkkSZoLxbPcJPrFKD8dK25KAZ+rviTFJjBklke1MCAzMojcV//M6GcSXwZjLNAMm6fyjOBMYFJ4GgXtcMwpiZAmhmttdMR0QTSjYuIo2BH/x5GXSrFb8s0r19rxcu8rjKKAjdIxOkY8uUA3doDpqIIqe0DN6RW/OxHlx3p2PeeuKk88coj9wPn8ABQ+UbA==</latexit>

Xi !
1p
2
(Xi + Yi)

<latexit sha1_base64="yFDFrVuaemOlcpupO9y837JYfws=">AAACE3icbVC7SgNBFJ2Nrxhfq5Y2g0GICmE3CloGbSwjmIdkwzI7mU2GzD6cuauEZf/Bxl+xsVDE1sbOv3HyKDTxwMDhnHO5c48XC67Asr6N3MLi0vJKfrWwtr6xuWVu7zRUlEjK6jQSkWx5RDHBQ1YHDoK1YslI4AnW9AaXI795z6TiUXgDw5h1AtILuc8pAS255lHL5Y7kvT4QKaMH7PiS0NTOUkfdSUgrWVbSieNblx+6ZtEqW2PgeWJPSRFNUXPNL6cb0SRgIVBBlGrbVgydlEjgVLCs4CSKxYQOSI+1NQ1JwFQnHd+U4QOtdLEfSf1CwGP190RKAqWGgaeTAYG+mvVG4n9eOwH/vJPyME6AhXSyyE8EhgiPCsJdLhkFMdSEUMn1XzHtE90K6BoLugR79uR50qiU7ZNy5fq0WL2Y1pFHe2gflZCNzlAVXaEaqiOKHtEzekVvxpPxYrwbH5NozpjO7KI/MD5/AEIgnl4=</latexit>

Let	us	consider	a	new	noKon	of	complexity	of	a	state																		which	counts	the	
smallest	number	of	T-gates	to	obtain										from																,	which	is	called	"magic".

(=universal)

Tomoki	Nosaka,		Towards	BH	interior	by	Magic	of	Chaos				--				2.	Stabilizer	formalism

U(2L)
<latexit sha1_base64="EdYyQMJ21b3ADzan2axJR2N01L0=">AAAB7XicbVA9TwJBEJ3DL8Qv1NJmIzHBhtyhiZZEGwsLTDwggZPsLQus7O1edvdMyIX/YGOhMbb+Hzv/jQtcoeBLJnl5byYz88KYM21c99vJrayurW/kNwtb2zu7e8X9g4aWiSLUJ5JL1QqxppwJ6htmOG3FiuIo5LQZjq6nfvOJKs2kuDfjmAYRHgjWZwQbKzX8cvXh9rRbLLkVdwa0TLyMlCBDvVv86vQkSSIqDOFY67bnxiZIsTKMcDopdBJNY0xGeEDblgocUR2ks2sn6MQqPdSXypYwaKb+nkhxpPU4Cm1nhM1QL3pT8T+vnZj+ZZAyESeGCjJf1E84MhJNX0c9pigxfGwJJorZWxEZYoWJsQEVbAje4svLpFGteGeV6t15qXaVxZGHIziGMnhwATW4gTr4QOARnuEV3hzpvDjvzse8NedkM4fwB87nDzdLjjw=</latexit>

|0 · · · 0i
<latexit sha1_base64="0BoLApxlOdTqmG7HcRtqj0MPfHo=">AAAB+nicbVBNS8NAEN34WetXqkcvi0XwVJIq6LHoxWMF+wFNKJvNpF262YTdjVLS/hQvHhTx6i/x5r9x2+agrQ8GHu/NMDMvSDlT2nG+rbX1jc2t7dJOeXdv/+DQrhy1VZJJCi2a8ER2A6KAMwEtzTSHbiqBxAGHTjC6nfmdR5CKJeJBj1PwYzIQLGKUaCP17crE8WiYaIUdTxIx4NC3q07NmQOvErcgVVSg2be/vDChWQxCU06U6rlOqv2cSM0oh2nZyxSkhI7IAHqGChKD8vP56VN8ZpQQR4k0JTSeq78nchIrNY4D0xkTPVTL3kz8z+tlOrr2cybSTIOgi0VRxrFO8CwHHDIJVPOxIYRKZm7FdEgkodqkVTYhuMsvr5J2veZe1Or3l9XGTRFHCZ2gU3SOXHSFGugONVELUfSEntErerMm1ov1bn0sWtesYuYY/YH1+QOzB5Oj</latexit>

(T \2 Cl)
<latexit sha1_base64="8tz4P9ekGxAcLRU+vbwkDKvebjo=">AAACFXicbVDLSgMxFM3UV62vUZdugkWooGWmFXRZ7MZlhb6gM5RMmrahSWZIMkIZ+hNu/BU3LhRxK7jzb8y0I2j1QOBwzn3kniBiVGnH+bRyK6tr6xv5zcLW9s7unr1/0FZhLDFp4ZCFshsgRRgVpKWpZqQbSYJ4wEgnmNRTv3NHpKKhaOppRHyORoIOKUbaSH37rNT0xipCmCQVzmdegPBEMaTG3+p5NZWpgHV22reLTtmZA/4lbkaKIEOjb394gxDHnAiNzVDVc51I+wmSmmJGZgUvVsRsmaAR6RkqECfKT+ZXzeCJUQZwGErzhIZz9WdHgrhSUx6YSo70WC17qfif14v18MpPqIhiTQReLBrGDOoQphHBAZUEazY1BGFJzV8hHiOJsDZBFkwI7vLJf0m7Unar5crtRbF2ncWRB0fgGJSACy5BDdyABmgBDO7BI3gGL9aD9WS9Wm+L0pyV9RyCX7DevwBcOJ7s</latexit>

In	order	to	evaluate	magic	concretely	for	any	given	state,	we	want	to	define	it	in	a	
different	way.

use	the	idea	of	resource	theory

| i \2 St
<latexit sha1_base64="8CgbWXtqpnqELQFqu4jsPa/WE+o=">AAACInicbVDLSgMxFM34rPVVdekmWAQ3DjOtoO6KblxWtA/oDCWT3rahmcyQZIQy9lvc+CtuXCjqSvBjTNsRtPVA4HDOfeSeIOZMacf5tBYWl5ZXVnNr+fWNza3tws5uXUWJpFCjEY9kMyAKOBNQ00xzaMYSSBhwaASDy7HfuAOpWCRu9TAGPyQ9wbqMEm2kduH83osV8yQRPQ5eX8WEQurYLg1HXkDoQHGi+j/6sWOXxwYT+Ea3C0XHdibA88TNSBFlqLYL714nokkIQlMzVbVcJ9Z+SqRmlMMo7yUKzJoB6UHLUEFCUH46OXGED43Swd1Imic0nqi/O1ISKjUMA1MZEt1Xs95Y/M9rJbp75qdMxIkGQaeLugnHOsLjvHCHSaCaDw0hVDLzV0z7RBKqTap5E4I7e/I8qZdst2yXrk+KlYssjhzaRwfoCLnoFFXQFaqiGqLoAT2hF/RqPVrP1pv1MS1dsLKePfQH1tc3+VWkgQ==</latexit>

| i
<latexit sha1_base64="cGxyJaiWt8INcM6sJeyjVgpj840=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgqSRV0GPRi8cK9gOaUDbbabt0s1l2N0KJ/RtePCji1T/jzX/jts1BWx8MPN6bYWZeJDnTxvO+ncLa+sbmVnG7tLO7t39QPjxq6SRVFJs04YnqREQjZwKbhhmOHamQxBHHdjS+nfntR1SaJeLBTCSGMRkKNmCUGCsFT4HULFBEDDn2yhWv6s3hrhI/JxXI0eiVv4J+QtMYhaGcaN31PWnCjCjDKMdpKUg1SkLHZIhdSwWJUYfZ/Oape2aVvjtIlC1h3Ln6eyIjsdaTOLKdMTEjvezNxP+8bmoG12HGhEwNCrpYNEi5axJ3FoDbZwqp4RNLCFXM3urSEVGEGhtTyYbgL7+8Slq1qn9Rrd1fVuo3eRxFOIFTOAcfrqAOd9CAJlCQ8Ayv8Oakzovz7nwsWgtOPnMMf+B8/gBtiZHv</latexit>
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Non-stabilizer	state	is	a	"resource"	of	quantum	computa7on
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Suppose	we	are	only	allowed	to	act	with	Clifford	gates	and	Pauli	measurement.

Tomoki	Nosaka,		Towards	BH	interior	by	Magic	of	Chaos				--				3.	Resource	theory	of	magic

c.f.				We	can	run	teleportaKon	circuit	wriien	only	with	LOCC	by	consuming	a	Bell	pair

If	we	have																																															,	by	consuming	it	we	can	run	"T-circuit"

| outi
<latexit sha1_base64="TI7BTj/tl+sU/oZKKrc8ZZIcZwM=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16WSyCp5JUQY9FLx4r2A9oQ9hsN+3SzSbsTsQS81e8eFDEq3/Em//GbZuDtj4YeLw3w8y8IBFcg+N8W6W19Y3NrfJ2ZWd3b//APqx2dJwqyto0FrHqBUQzwSVrAwfBeoliJAoE6waTm5nffWBK81jewzRhXkRGkoecEjCSb1efBonmfhankA8UkSPBfLvm1J058CpxC1JDBVq+/TUYxjSNmAQqiNZ910nAy4gCTgXLK4NUs4TQCRmxvqGSREx72fz2HJ8aZYjDWJmSgOfq74mMRFpPo8B0RgTGetmbif95/RTCKy/jMkmBSbpYFKYCQ4xnQeAhV4yCmBpCqOLmVkzHRBEKJq6KCcFdfnmVdBp197zeuLuoNa+LOMroGJ2gM+SiS9REt6iF2oiiR/SMXtGblVsv1rv1sWgtWcXMEfoD6/MH+y+VCw==</latexit>

| ini
<latexit sha1_base64="l3tmsknUuSxTvyDlKkSlF2mvzKw=">AAAB+nicbVBNS8NAEJ34WetXqkcvi0XwVJIq6LHoxWMF+wFNCJvtpl262YTdjVLS/hQvHhTx6i/x5r9x2+agrQ8GHu/NMDMvTDlT2nG+rbX1jc2t7dJOeXdv/+DQrhy1VZJJQlsk4YnshlhRzgRtaaY57aaS4jjktBOObmd+55FKxRLxoMcp9WM8ECxiBGsjBXZl4qWKBTkTU09iMeA0sKtOzZkDrRK3IFUo0AzsL6+fkCymQhOOleq5Tqr9HEvNCKfTspcpmmIywgPaM1TgmCo/n58+RWdG6aMokaaERnP190SOY6XGcWg6Y6yHatmbif95vUxH1755K800FWSxKMo40gma5YD6TFKi+dgQTCQztyIyxBITbdIqmxDc5ZdXSbtecy9q9fvLauOmiKMEJ3AK5+DCFTTgDprQAgJP8Ayv8GZNrBfr3fpYtK5Zxcwx/IH1+QMKmJSA</latexit>

SX

Z
<latexit sha1_base64="FO5NRjT0DapzdaQZYFw0PtqJG0U=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHbRRI9ELx4hkUeEDZkdemFkdnYzM2tCCF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaHSPJb3ZpygH9GB5CFn1Fip/tArltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmpWyd1Gu1C9L1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OY/Oi/PufCxac042cwx/4Hz+ALoPjOI=</latexit>

| outi
<latexit sha1_base64="TI7BTj/tl+sU/oZKKrc8ZZIcZwM=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16WSyCp5JUQY9FLx4r2A9oQ9hsN+3SzSbsTsQS81e8eFDEq3/Em//GbZuDtj4YeLw3w8y8IBFcg+N8W6W19Y3NrfJ2ZWd3b//APqx2dJwqyto0FrHqBUQzwSVrAwfBeoliJAoE6waTm5nffWBK81jewzRhXkRGkoecEjCSb1efBonmfhankA8UkSPBfLvm1J058CpxC1JDBVq+/TUYxjSNmAQqiNZ910nAy4gCTgXLK4NUs4TQCRmxvqGSREx72fz2HJ8aZYjDWJmSgOfq74mMRFpPo8B0RgTGetmbif95/RTCKy/jMkmBSbpYFKYCQ4xnQeAhV4yCmBpCqOLmVkzHRBEKJq6KCcFdfnmVdBp197zeuLuoNa+LOMroGJ2gM+SiS9REt6iF2oiiR/SMXtGblVsv1rv1sWgtWcXMEfoD6/MH+y+VCw==</latexit>

| ini
<latexit sha1_base64="l3tmsknUuSxTvyDlKkSlF2mvzKw=">AAAB+nicbVBNS8NAEJ34WetXqkcvi0XwVJIq6LHoxWMF+wFNCJvtpl262YTdjVLS/hQvHhTx6i/x5r9x2+agrQ8GHu/NMDMvTDlT2nG+rbX1jc2t7dJOeXdv/+DQrhy1VZJJQlsk4YnshlhRzgRtaaY57aaS4jjktBOObmd+55FKxRLxoMcp9WM8ECxiBGsjBXZl4qWKBTkTU09iMeA0sKtOzZkDrRK3IFUo0AzsL6+fkCymQhOOleq5Tqr9HEvNCKfTspcpmmIywgPaM1TgmCo/n58+RWdG6aMokaaERnP190SOY6XGcWg6Y6yHatmbif95vUxH1755K800FWSxKMo40gma5YD6TFKi+dgQTCQztyIyxBITbdIqmxDc5ZdXSbtecy9q9fvLauOmiKMEJ3AK5+DCFTTgDprQAgJP8Ayv8GZNrBfr3fpYtK5Zxcwx/IH1+QMKmJSA</latexit>

| ini
<latexit sha1_base64="l3tmsknUuSxTvyDlKkSlF2mvzKw=">AAAB+nicbVBNS8NAEJ34WetXqkcvi0XwVJIq6LHoxWMF+wFNCJvtpl262YTdjVLS/hQvHhTx6i/x5r9x2+agrQ8GHu/NMDMvTDlT2nG+rbX1jc2t7dJOeXdv/+DQrhy1VZJJQlsk4YnshlhRzgRtaaY57aaS4jjktBOObmd+55FKxRLxoMcp9WM8ECxiBGsjBXZl4qWKBTkTU09iMeA0sKtOzZkDrRK3IFUo0AzsL6+fkCymQhOOleq5Tqr9HEvNCKfTspcpmmIywgPaM1TgmCo/n58+RWdG6aMokaaERnP190SOY6XGcWg6Y6yHatmbif95vUxH1755K800FWSxKMo40gma5YD6TFKi+dgQTCQztyIyxBITbdIqmxDc5ZdXSbtecy9q9fvLauOmiKMEJ3AK5+DCFTTgDprQAgJP8Ayv8GZNrBfr3fpYtK5Zxcwx/IH1+QMKmJSA</latexit>

T | outi
<latexit sha1_base64="TI7BTj/tl+sU/oZKKrc8ZZIcZwM=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16WSyCp5JUQY9FLx4r2A9oQ9hsN+3SzSbsTsQS81e8eFDEq3/Em//GbZuDtj4YeLw3w8y8IBFcg+N8W6W19Y3NrfJ2ZWd3b//APqx2dJwqyto0FrHqBUQzwSVrAwfBeoliJAoE6waTm5nffWBK81jewzRhXkRGkoecEjCSb1efBonmfhankA8UkSPBfLvm1J058CpxC1JDBVq+/TUYxjSNmAQqiNZ910nAy4gCTgXLK4NUs4TQCRmxvqGSREx72fz2HJ8aZYjDWJmSgOfq74mMRFpPo8B0RgTGetmbif95/RTCKy/jMkmBSbpYFKYCQ4xnQeAhV4yCmBpCqOLmVkzHRBEKJq6KCcFdfnmVdBp197zeuLuoNa+LOMroGJ2gM+SiS9REt6iF2oiiR/SMXtGblVsv1rv1sWgtWcXMEfoD6/MH+y+VCw==</latexit>

| ini
<latexit sha1_base64="l3tmsknUuSxTvyDlKkSlF2mvzKw=">AAAB+nicbVBNS8NAEJ34WetXqkcvi0XwVJIq6LHoxWMF+wFNCJvtpl262YTdjVLS/hQvHhTx6i/x5r9x2+agrQ8GHu/NMDMvTDlT2nG+rbX1jc2t7dJOeXdv/+DQrhy1VZJJQlsk4YnshlhRzgRtaaY57aaS4jjktBOObmd+55FKxRLxoMcp9WM8ECxiBGsjBXZl4qWKBTkTU09iMeA0sKtOzZkDrRK3IFUo0AzsL6+fkCymQhOOleq5Tqr9HEvNCKfTspcpmmIywgPaM1TgmCo/n58+RWdG6aMokaaERnP190SOY6XGcWg6Y6yHatmbif95vUxH1755K800FWSxKMo40gma5YD6TFKi+dgQTCQztyIyxBITbdIqmxDc5ZdXSbtecy9q9fvLauOmiKMEJ3AK5+DCFTTgDprQAgJP8Ayv8GZNrBfr3fpYtK5Zxcwx/IH1+QMKmJSA</latexit>

=
|T i

<latexit sha1_base64="mX4Lgmwbc6Swbq3UQryk90YACE4=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKexGQY9BLx4j5CXJEmYnnWTI7OwyMyuENV/hxYMiXv0cb/6Nk2QPmljQUFR1090VxIJr47rfTm5tfWNzK79d2Nnd2z8oHh41dZQohg0WiUi1A6pRcIkNw43AdqyQhoHAVjC+nfmtR1SaR7JuJjH6IR1KPuCMGis9PNW7isqhwF6x5JbdOcgq8TJSggy1XvGr249YEqI0TFCtO54bGz+lynAmcFroJhpjysZ0iB1LJQ1R++n84Ck5s0qfDCJlSxoyV39PpDTUehIGtjOkZqSXvZn4n9dJzODaT7mME4OSLRYNEkFMRGbfkz5XyIyYWEKZ4vZWwkZUUWZsRgUbgrf88ippVsreRblyf1mq3mRx5OEETuEcPLiCKtxBDRrAIIRneIU3RzkvzrvzsWjNOdnMMfyB8/kD7gOQfQ==</latexit>

|T i = 1p
2
(|0i+ e

⇡i
4 |1i)(\2 St)

<latexit sha1_base64="QzZFRamA0NnC+6jnE39QhwVu3sc="></latexit>

	which	acts	on											as	a	T	gate

Z
<latexit sha1_base64="FO5NRjT0DapzdaQZYFw0PtqJG0U=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHbRRI9ELx4hkUeEDZkdemFkdnYzM2tCCF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaHSPJb3ZpygH9GB5CFn1Fip/tArltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmpWyd1Gu1C9L1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OY/Oi/PufCxac042cwx/4Hz+ALoPjOI=</latexit>

Z
<latexit sha1_base64="FO5NRjT0DapzdaQZYFw0PtqJG0U=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHbRRI9ELx4hkUeEDZkdemFkdnYzM2tCCF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaHSPJb3ZpygH9GB5CFn1Fip/tArltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmpWyd1Gu1C9L1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OY/Oi/PufCxac042cwx/4Hz+ALoPjOI=</latexit>

X Z
|0i

<latexit sha1_base64="mFbyg4gJW0ZXAvvu82LjFXT3NAg=">AAAB8HicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fj04rGC/ZA2lM120i7dbMLuRiixv8KLB0W8+nO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6mfqtR1Sax/LejBP0IzqQPOSMGis9PLldReVAYK9UdivuDGSZeDkpQ456r/TV7ccsjVAaJqjWHc9NjJ9RZTgTOCl2U40JZSM6wI6lkkao/Wx28IScWqVPwljZkobM1N8TGY20HkeB7YyoGepFbyr+53VSE175GZdJalCy+aIwFcTEZPo96XOFzIixJZQpbm8lbEgVZcZmVLQheIsvL5NmteKdV6p3F+XadR5HAY7hBM7Ag0uowS3UoQEMIniGV3hzlPPivDsf89YVJ585gj9wPn8AtneQWQ==</latexit>

|0i
<latexit sha1_base64="mFbyg4gJW0ZXAvvu82LjFXT3NAg=">AAAB8HicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fj04rGC/ZA2lM120i7dbMLuRiixv8KLB0W8+nO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6mfqtR1Sax/LejBP0IzqQPOSMGis9PLldReVAYK9UdivuDGSZeDkpQ456r/TV7ccsjVAaJqjWHc9NjJ9RZTgTOCl2U40JZSM6wI6lkkao/Wx28IScWqVPwljZkobM1N8TGY20HkeB7YyoGepFbyr+53VSE175GZdJalCy+aIwFcTEZPo96XOFzIixJZQpbm8lbEgVZcZmVLQheIsvL5NmteKdV6p3F+XadR5HAY7hBM7Ag0uowS3UoQEMIniGV3hzlPPivDsf89YVJ585gj9wPn8AtneQWQ==</latexit>

|Bi
<latexit sha1_base64="hDF8Zigik1uFFVTSx/nNxgI94uU=">AAAB8HicbVDLTgJBEOzFF+IL9ehlIjHxRHbRRI8ELx4xkYeBDZkdGpgwO7uZmTUhK1/hxYPGePVzvPk3DrAHBSvppFLVne6uIBZcG9f9dnJr6xubW/ntws7u3v5B8fCoqaNEMWywSESqHVCNgktsGG4EtmOFNAwEtoLxzcxvPaLSPJL3ZhKjH9Kh5APOqLHSw1Otq6gcCuwVS27ZnYOsEi8jJchQ7xW/uv2IJSFKwwTVuuO5sfFTqgxnAqeFbqIxpmxMh9ixVNIQtZ/OD56SM6v0ySBStqQhc/X3REpDrSdhYDtDakZ62ZuJ/3mdxAyu/ZTLODEo2WLRIBHERGT2PelzhcyIiSWUKW5vJWxEFWXGZlSwIXjLL6+SZqXsXZQrd5elai2LIw8ncArn4MEVVOEW6tAABiE8wyu8Ocp5cd6dj0VrzslmjuEPnM8f0j2Qaw==</latexit>

|Bi = 1p
2
(|00i+ |11i) =

<latexit sha1_base64="f1MnRybop+ubejMNNi+Njwx7YDQ=">AAACHXicbZDLSsNAFIYnXmu9RV26GSxCRShJLeimUOrGZQV7gSaUyXTSDp1M4sxEKGlexI2v4saFIi7ciG/jtM1CWw8MfPz/OZw5vxcxKpVlfRsrq2vrG5u5rfz2zu7evnlw2JJhLDBp4pCFouMhSRjlpKmoYqQTCYICj5G2N7qe+u0HIiQN+Z0aR8QN0IBTn2KktNQzK5O6IxAfMFJ1fIFwYqeJI++FSsppWpxYVuaeT2w7w7NqzyxYJWtWcBnsDAogq0bP/HT6IY4DwhVmSMqubUXKTZBQFDOS5p1YkgjhERqQrkaOAiLdZHZdCk+10od+KPTjCs7U3xMJCqQcB57uDJAaykVvKv7ndWPlX7kJ5VGsCMfzRX7MoArhNCrYp4JgxcYaEBZU/xXiIdIhKR1oXodgL568DK1yyb4olW8rhVo9iyMHjsEJKAIbXIIauAEN0AQYPIJn8ArejCfjxXg3PuatK0Y2cwT+lPH1A196og0=</latexit>

H

[Zhou,Leung,Chuang,0002039]
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Resource	theory:	a	way	to	characterize	quantum	states	which	consists	of

Tomoki	Nosaka,		Towards	BH	interior	by	Magic	of	Chaos				--				3.	Resource	theory	of	magic

-				(free	operaKons):	subset	of	quantum	operaKons	(											,	measurement,	preparaKon)

[Horodecki,Oppenheim,1209.2162]

One	cannot	obtain																		by					from

-				(free	states):	set	of	quantum	states	such	that																				for	any

-						(monotone):	a	quanKty	which	is	zero	iff																		and	does	not	increase	under

U(2L)
<latexit sha1_base64="EdYyQMJ21b3ADzan2axJR2N01L0=">AAAB7XicbVA9TwJBEJ3DL8Qv1NJmIzHBhtyhiZZEGwsLTDwggZPsLQus7O1edvdMyIX/YGOhMbb+Hzv/jQtcoeBLJnl5byYz88KYM21c99vJrayurW/kNwtb2zu7e8X9g4aWiSLUJ5JL1QqxppwJ6htmOG3FiuIo5LQZjq6nfvOJKs2kuDfjmAYRHgjWZwQbKzX8cvXh9rRbLLkVdwa0TLyMlCBDvVv86vQkSSIqDOFY67bnxiZIsTKMcDopdBJNY0xGeEDblgocUR2ks2sn6MQqPdSXypYwaKb+nkhxpPU4Cm1nhM1QL3pT8T+vnZj+ZZAyESeGCjJf1E84MhJNX0c9pigxfGwJJorZWxEZYoWJsQEVbAje4svLpFGteGeV6t15qXaVxZGHIziGMnhwATW4gTr4QOARnuEV3hzpvDjvzse8NedkM4fwB87nDzdLjjw=</latexit>

| resourcei
<latexit sha1_base64="qLyDAaZM8Q7HsjE7t19edE4GWHc=">AAACAHicbVC7TsMwFHXKq5RXgIGBxaJCYqqSggRjBQtjkehDaqLIcW9bq44T2Q5SFbLwKywMIMTKZ7DxN7htBmg50pWOzrnXvveECWdKO863VVpZXVvfKG9WtrZ3dvfs/YO2ilNJoUVjHstuSBRwJqClmebQTSSQKOTQCcc3U7/zAFKxWNzrSQJ+RIaCDRgl2kiBffToJYoFmYT5k7kniRhyCOyqU3NmwMvELUgVFWgG9pfXj2kagdCUE6V6rpNoPyNSM8ohr3ipgoTQMRlCz1BBIlB+Njsgx6dG6eNBLE0JjWfq74mMREpNotB0RkSP1KI3Ff/zeqkeXPkZE0mqQdD5R4OUYx3jaRq4zyRQzSeGECqZ2RXTEZGEapNZxYTgLp68TNr1mnteq99dVBvXRRxldIxO0Bly0SVqoFvURC1EUY6e0St6s56sF+vd+pi3lqxi5hD9gfX5A/+4l00=</latexit>

| targeti
<latexit sha1_base64="UxRgjVclP+sX6j06EQKqPCROfUU=">AAAB/nicbVDLSgNBEJyNrxhfq+LJy2AQPIXdKOgx6MVjBPOAJITZSScZMju7zPQKYQ34K148KOLV7/Dm3zhJ9qCJBQ1FVTfdXUEshUHP+3ZyK6tr6xv5zcLW9s7unrt/UDdRojnUeCQj3QyYASkU1FCghGasgYWBhEYwupn6jQfQRkTqHscxdEI2UKIvOEMrdd2jx3ZsRDdFpgeAk7ZmaiCh6xa9kjcDXSZ+RookQ7XrfrV7EU9CUMglM6blezF2UqZRcAmTQjsxEDM+YgNoWapYCKaTzs6f0FOr9Gg/0rYU0pn6eyJloTHjMLCdIcOhWfSm4n9eK8H+VScVKk4QFJ8v6ieSYkSnWdCe0MBRji1hXAt7K+VDphlHm1jBhuAvvrxM6uWSf14q310UK9dZHHlyTE7IGfHJJamQW1IlNcJJSp7JK3lznpwX5935mLfmnGzmkPyB8/kDTX2WWA==</latexit>

For	those	who	only	allowed	to	do				,	the	states	with	high							are	resources	to	be	
consumed	to	perform	quantum	computaKon.

if

MoKvated	by	an	intuiKve	(but	not	so	useful)	noKon	of	
some	property,	define	more	useful	quanKty							to	
measure	the	same	property.

Idea	of	resource	theory

C| i = S
<latexit sha1_base64="a+lGEfx95bJjzj8YI3+RSgD5/OY=">AAACK3icbVDLSsNAFJ3UV62vqEs3g6XgqiRV0I1Q7MZlRfuAJpTJdNIOnUzCzEQoMV/gt7hwq5/hSnHr2l9w0gbUtgcuHM65F849XsSoVJb1bhRWVtfWN4qbpa3tnd09c/+gLcNYYNLCIQtF10OSMMpJS1HFSDcSBAUeIx1v3Mj8zj0Rkob8Tk0i4gZoyKlPMVJa6puVxAmQGmHEYCN9cCJJHYH4kJHLX+M27Ztlq2pNAReJnZMyyNHsm9/OIMRxQLjCDEnZs61IuQkSimJG0pITSxIhPEZD0tOUo4BIN5m+k8KKVgbQD4UeruBU/XuRoEDKSeDpzSyinPcycamXKUL6cpnZi5V/4SaUR7EiHM9S+DGDKoRZcXBABcGKTTRBWFD9CMQjJBBWut6Sbsie72ORtGtV+7Rauzkr16/yrorgCByDE2CDc1AH16AJWgCDR/AMXsCr8WS8GR/G52y1YOQ3h+AfjK8f5qKoeA==</latexit>

| i 2 S
<latexit sha1_base64="pKBfJsWwRFMA6lqMGziK8dTK2wk=">AAACHXicbZDNSsNAFIVv6l+tf1UXLtwMFsFVSaqgy6IblxXtDzShTKaTduhkEmYmQol9Fhdu9THciVvxKXwFJ20W2vbAwMc598Lc48ecKW3b31ZhZXVtfaO4Wdra3tndK+8ftFSUSEKbJOKR7PhYUc4EbWqmOe3EkuLQ57Ttj26yvP1IpWKReNDjmHohHggWMIK1sXrloyc3VsyVWAw4dZlIXYI5up/0yhW7ak+FFsHJoQK5Gr3yj9uPSBJSoQnHSnUdO9ZeiqVmhNNJyU0UjTEZ4QHtGhQ4pMpLpwdM0Klx+iiIpHlCo6n7dyPFoVLj0DeTIdZDNZ9l5tIsc6QK1LKwm+jgykuZiBNNBZn9Ikg40hHKqkJ9JinRfGwAE8nMIYgMscREm0JLpiFnvo9FaNWqznm1dndRqV/nXRXhGE7gDBy4hDrcQgOaQGACL/AKb9az9W59WJ+z0YKV7xzCP1lfv6cToqc=</latexit>

S
<latexit sha1_base64="LRmM/ZMv6IL4+rlSwY12tmJxcZs=">AAACDHicbZDNSgMxFIXv1L9a/6ou3QSL4KrMVEGXRTcuK9ofaIeSSTNtaCYZkoxQhr6CC7f6GO7Ere/gU/gKZtpZaNsDgY9z7oWbE8ScaeO6305hbX1jc6u4XdrZ3ds/KB8etbRMFKFNIrlUnQBrypmgTcMMp51YURwFnLaD8W2Wt5+o0kyKRzOJqR/hoWAhI9hYq5P2COboYdovV9yqOxNaBi+HCuRq9Ms/vYEkSUSFIRxr3fXc2PgpVoYRTqelXqJpjMkYD2nXosAR1X46u3eKzqwzQKFU9gmDZu7fjRRHWk+iwE5G2Iz0YpaZK7PMUTrUq8JuYsJrP2UiTgwVZH5FmHBkJMqaQQOmKDF8YgETxexHEBlhhYmx/ZVsQ95iH8vQqlW9i2rt/rJSv8m7KsIJnMI5eHAFdbiDBjSBAIcXeIU359l5dz6cz/lowcl3juGfnK9fkpibtA==</latexit>

C
<latexit sha1_base64="Q3sRXCmeuyoKKBllPX3apWFotUQ=">AAACDHicbZDNSgMxFIXv1L9a/6ou3QSL4KrMVEGXxW5cVrA/0A4lk2ba0CQzJBmhDH0FF271MdyJW9/Bp/AVzLSz0LYHAh/n3As3J4g508Z1v53CxubW9k5xt7S3f3B4VD4+aesoUYS2SMQj1Q2wppxJ2jLMcNqNFcUi4LQTTBpZ3nmiSrNIPpppTH2BR5KFjGBjrW7aJ5ijxmxQrrhVdy60Cl4OFcjVHJR/+sOIJIJKQzjWuue5sfFTrAwjnM5K/UTTGJMJHtGeRYkF1X46v3eGLqwzRGGk7JMGzd2/GykWWk9FYCcFNmO9nGXm2ixzlA71urCXmPDWT5mME0MlWVwRJhyZCGXNoCFTlBg+tYCJYvYjiIyxwsTY/kq2IW+5j1Vo16reVbX2cF2p3+VdFeEMzuESPLiBOtxDE1pAgMMLvMKb8+y8Ox/O52K04OQ7p/BPztcveHibpA==</latexit>

M
<latexit sha1_base64="yyK19hvaOcg8mLU7bSoDmyvvA4Q=">AAACDHicbZDNSgMxFIVv6l+tf1WXboJFcFVmqqDLohs3QgX7A+1QMmmmDc1khiQjlKGv4MKtPoY7ces7+BS+gpl2Ftr2QODjnHvh5vix4No4zjcqrK1vbG4Vt0s7u3v7B+XDo5aOEkVZk0YiUh2faCa4ZE3DjWCdWDES+oK1/fFtlrefmNI8ko9mEjMvJEPJA06JsVYn7VEi8P20X644VWcmvAxuDhXI1eiXf3qDiCYhk4YKonXXdWLjpUQZTgWblnqJZjGhYzJkXYuShEx76ezeKT6zzgAHkbJPGjxz/26kJNR6Evp2MiRmpBezzFyZZY7SgV4VdhMTXHspl3FimKTzK4JEYBPhrBk84IpRIyYWCFXcfgTTEVGEGttfyTbkLvaxDK1a1b2o1h4uK/WbvKsinMApnIMLV1CHO2hAEygIeIFXeEPP6B19oM/5aAHlO8fwT+jrF4jMm64=</latexit>

C
<latexit sha1_base64="Q3sRXCmeuyoKKBllPX3apWFotUQ=">AAACDHicbZDNSgMxFIXv1L9a/6ou3QSL4KrMVEGXxW5cVrA/0A4lk2ba0CQzJBmhDH0FF271MdyJW9/Bp/AVzLSz0LYHAh/n3As3J4g508Z1v53CxubW9k5xt7S3f3B4VD4+aesoUYS2SMQj1Q2wppxJ2jLMcNqNFcUi4LQTTBpZ3nmiSrNIPpppTH2BR5KFjGBjrW7aJ5ijxmxQrrhVdy60Cl4OFcjVHJR/+sOIJIJKQzjWuue5sfFTrAwjnM5K/UTTGJMJHtGeRYkF1X46v3eGLqwzRGGk7JMGzd2/GykWWk9FYCcFNmO9nGXm2ixzlA71urCXmPDWT5mME0MlWVwRJhyZCGXNoCFTlBg+tYCJYvYjiIyxwsTY/kq2IW+5j1Vo16reVbX2cF2p3+VdFeEMzuESPLiBOtxDE1pAgMMLvMKb8+y8Ox/O52K04OQ7p/BPztcveHibpA==</latexit>

C
<latexit sha1_base64="Q3sRXCmeuyoKKBllPX3apWFotUQ=">AAACDHicbZDNSgMxFIXv1L9a/6ou3QSL4KrMVEGXxW5cVrA/0A4lk2ba0CQzJBmhDH0FF271MdyJW9/Bp/AVzLSz0LYHAh/n3As3J4g508Z1v53CxubW9k5xt7S3f3B4VD4+aesoUYS2SMQj1Q2wppxJ2jLMcNqNFcUi4LQTTBpZ3nmiSrNIPpppTH2BR5KFjGBjrW7aJ5ijxmxQrrhVdy60Cl4OFcjVHJR/+sOIJIJKQzjWuue5sfFTrAwjnM5K/UTTGJMJHtGeRYkF1X46v3eGLqwzRGGk7JMGzd2/GykWWk9FYCcFNmO9nGXm2ixzlA71urCXmPDWT5mME0MlWVwRJhyZCGXNoCFTlBg+tYCJYvYjiIyxwsTY/kq2IW+5j1Vo16reVbX2cF2p3+VdFeEMzuESPLiBOtxDE1pAgMMLvMKb8+y8Ox/O52K04OQ7p/BPztcveHibpA==</latexit>

M
<latexit sha1_base64="yyK19hvaOcg8mLU7bSoDmyvvA4Q=">AAACDHicbZDNSgMxFIVv6l+tf1WXboJFcFVmqqDLohs3QgX7A+1QMmmmDc1khiQjlKGv4MKtPoY7ces7+BS+gpl2Ftr2QODjnHvh5vix4No4zjcqrK1vbG4Vt0s7u3v7B+XDo5aOEkVZk0YiUh2faCa4ZE3DjWCdWDES+oK1/fFtlrefmNI8ko9mEjMvJEPJA06JsVYn7VEi8P20X644VWcmvAxuDhXI1eiXf3qDiCYhk4YKonXXdWLjpUQZTgWblnqJZjGhYzJkXYuShEx76ezeKT6zzgAHkbJPGjxz/26kJNR6Evp2MiRmpBezzFyZZY7SgV4VdhMTXHspl3FimKTzK4JEYBPhrBk84IpRIyYWCFXcfgTTEVGEGttfyTbkLvaxDK1a1b2o1h4uK/WbvKsinMApnIMLV1CHO2hAEygIeIFXeEPP6B19oM/5aAHlO8fwT+jrF4jMm64=</latexit>

C
<latexit sha1_base64="Q3sRXCmeuyoKKBllPX3apWFotUQ=">AAACDHicbZDNSgMxFIXv1L9a/6ou3QSL4KrMVEGXxW5cVrA/0A4lk2ba0CQzJBmhDH0FF271MdyJW9/Bp/AVzLSz0LYHAh/n3As3J4g508Z1v53CxubW9k5xt7S3f3B4VD4+aesoUYS2SMQj1Q2wppxJ2jLMcNqNFcUi4LQTTBpZ3nmiSrNIPpppTH2BR5KFjGBjrW7aJ5ijxmxQrrhVdy60Cl4OFcjVHJR/+sOIJIJKQzjWuue5sfFTrAwjnM5K/UTTGJMJHtGeRYkF1X46v3eGLqwzRGGk7JMGzd2/GykWWk9FYCcFNmO9nGXm2ixzlA71urCXmPDWT5mME0MlWVwRJhyZCGXNoCFTlBg+tYCJYvYjiIyxwsTY/kq2IW+5j1Vo16reVbX2cF2p3+VdFeEMzuESPLiBOtxDE1pAgMMLvMKb8+y8Ox/O52K04OQ7p/BPztcveHibpA==</latexit>

M
<latexit sha1_base64="yyK19hvaOcg8mLU7bSoDmyvvA4Q=">AAACDHicbZDNSgMxFIVv6l+tf1WXboJFcFVmqqDLohs3QgX7A+1QMmmmDc1khiQjlKGv4MKtPoY7ces7+BS+gpl2Ftr2QODjnHvh5vix4No4zjcqrK1vbG4Vt0s7u3v7B+XDo5aOEkVZk0YiUh2faCa4ZE3DjWCdWDES+oK1/fFtlrefmNI8ko9mEjMvJEPJA06JsVYn7VEi8P20X644VWcmvAxuDhXI1eiXf3qDiCYhk4YKonXXdWLjpUQZTgWblnqJZjGhYzJkXYuShEx76ezeKT6zzgAHkbJPGjxz/26kJNR6Evp2MiRmpBezzFyZZY7SgV4VdhMTXHspl3FimKTzK4JEYBPhrBk84IpRIyYWCFXcfgTTEVGEGttfyTbkLvaxDK1a1b2o1h4uK/WbvKsinMApnIMLV1CHO2hAEygIeIFXeEPP6B19oM/5aAHlO8fwT+jrF4jMm64=</latexit>

S
<latexit sha1_base64="LRmM/ZMv6IL4+rlSwY12tmJxcZs=">AAACDHicbZDNSgMxFIXv1L9a/6ou3QSL4KrMVEGXRTcuK9ofaIeSSTNtaCYZkoxQhr6CC7f6GO7Ere/gU/gKZtpZaNsDgY9z7oWbE8ScaeO6305hbX1jc6u4XdrZ3ds/KB8etbRMFKFNIrlUnQBrypmgTcMMp51YURwFnLaD8W2Wt5+o0kyKRzOJqR/hoWAhI9hYq5P2COboYdovV9yqOxNaBi+HCuRq9Ms/vYEkSUSFIRxr3fXc2PgpVoYRTqelXqJpjMkYD2nXosAR1X46u3eKzqwzQKFU9gmDZu7fjRRHWk+iwE5G2Iz0YpaZK7PMUTrUq8JuYsJrP2UiTgwVZH5FmHBkJMqaQQOmKDF8YgETxexHEBlhhYmx/ZVsQ95iH8vQqlW9i2rt/rJSv8m7KsIJnMI5eHAFdbiDBjSBAIcXeIU359l5dz6cz/lowcl3juGfnK9fkpibtA==</latexit>

M
<latexit sha1_base64="2Qz2wXb5DSdJfF0zGyZRGtwO6yI=">AAACAnicbVDLSgNBEJyNrxhfUU/iZTAInsJuFPQY9OJFiGAekA1hdtJJhsw+mOkVw7J48Ve8eFDEq1/hzb9xkuxBEwsaiqru6enyIik02va3lVtaXlldy68XNja3tneKu3sNHcaKQ52HMlQtj2mQIoA6CpTQihQw35PQ9EZXE795D0qLMLjDcQQdnw0C0RecoZG6xQMX4QGn7yQKemmSuJxJepOm3WLJLttT0EXiZKREMtS6xS+3F/LYhwC5ZFq3HTvCTsIUCi4hLbixhojxERtA29CA+aA7yXR1So+N0qP9UJkKkE7V3xMJ87Ue+57p9BkO9bw3Ef/z2jH2LzqJCKIYIeCzRf1YUgzpJA/aEwo4yrEhjCth/kr5kCnG0aRWMCE48ycvkkal7JyWK7dnpeplFkeeHJIjckIcck6q5JrUSJ1w8kieySt5s56sF+vd+pi15qxsZp/8gfX5A1XEmAU=</latexit>

M(| targeti) > M(| resourcei)
<latexit sha1_base64="qS4mhgFd1ink27IP7TtqU918Rb4=">AAACKnicbVDLSgNBEJz1bXxFPXoZDIJewq4KehIfFy+CglEhG0LvpBMHZ2eXmV4hrPkeL/6KlxyU4NUPcfJANFowUFRV09MVpUpa8v2eNzE5NT0zOzdfWFhcWl4prq7d2CQzAisiUYm5i8CikhorJEnhXWoQ4kjhbfRw1vdvH9FYmehraqdYi6GlZVMKICfViyd5KEDxi872U5haWc8JTAupExrQLYU7R+O+weHu70S9WPLL/gD8LwlGpMRGuKwXu2EjEVmMmoQCa6uBn1ItB0NSKOwUwsxiCuIBWlh1VEOMtpYPTu3wLac0eDMx7mniA/XnRA6xte04cskY6N6Oe33xP6+aUfOwlkudZoRaDBc1M8Up4f3eeEMaFKTajoAw0v2Vi3swIMi1W3AlBOMn/yU3u+Vgr7x7tV86Ph3VMcc22CbbZgE7YMfsnF2yChPsmb2yN/buvXhdr+d9DKMT3mhmnf2C9/kFfwyoig==</latexit>

| i 2 S
<latexit sha1_base64="y1OZvT4E03Cq39nFvo6uzVBQhas=">AAACAnicbVBNS8NAEJ3Ur1q/op7Ey2IRPJWkCnosevFY0X5AE8pmu2mXbjZhdyOUWLz4V7x4UMSrv8Kb/8Ztm4O2Phh4vDfDzLwg4Uxpx/m2CkvLK6trxfXSxubW9o69u9dUcSoJbZCYx7IdYEU5E7Shmea0nUiKo4DTVjC8mviteyoVi8WdHiXUj3BfsJARrI3UtQ8evEQxT2LR5xR5TKDMI5ij23HXLjsVZwq0SNyclCFHvWt/eb2YpBEVmnCsVMd1Eu1nWGpGOB2XvFTRBJMh7tOOoQJHVPnZ9IUxOjZKD4WxNCU0mqq/JzIcKTWKAtMZYT1Q895E/M/rpDq88DMmklRTQWaLwpQjHaNJHqjHJCWajwzBRDJzKyIDLDHRJrWSCcGdf3mRNKsV97RSvTkr1y7zOIpwCEdwAi6cQw2uoQ4NIPAIz/AKb9aT9WK9Wx+z1oKVz+zDH1ifP9LRlww=</latexit>



Example

-	free	operaKons					=	LOCC

Tomoki	Nosaka,		Towards	BH	interior	by	Magic	of	Chaos				--				3.	Resource	theory	of	magic

-	free	states					:	tensor	product	states

Resource	theory	of	quantum	communicaKon	(entanglement)

-	monotones						:	entanglement	entropy,	entanglement	negaKvity,	etc.

Resource	theory	of	quantum	computaKon	(magic)

			=	Clifford	gates	+	Pauli	projecKon	measurement	+	stabilizer	state	preparaKon

			=																																																												:	classical	mixtures	of	stabilizer	pure	states

If	there	is	a	quanKty	which	saKsfies	the	requirements	of	magic	monotone,	we	can	use	it	
		to	quanKfy	the	magic	of	a	state	instead	of	"counKng	minimum	number	of	T-gates".

We	can	use	EE	and	negaKvity	to	measure	the	entanglement	of	a	
state	instead	of	"counKng	Bell	pairs"

11/25

S
<latexit sha1_base64="LRmM/ZMv6IL4+rlSwY12tmJxcZs=">AAACDHicbZDNSgMxFIXv1L9a/6ou3QSL4KrMVEGXRTcuK9ofaIeSSTNtaCYZkoxQhr6CC7f6GO7Ere/gU/gKZtpZaNsDgY9z7oWbE8ScaeO6305hbX1jc6u4XdrZ3ds/KB8etbRMFKFNIrlUnQBrypmgTcMMp51YURwFnLaD8W2Wt5+o0kyKRzOJqR/hoWAhI9hYq5P2COboYdovV9yqOxNaBi+HCuRq9Ms/vYEkSUSFIRxr3fXc2PgpVoYRTqelXqJpjMkYD2nXosAR1X46u3eKzqwzQKFU9gmDZu7fjRRHWk+iwE5G2Iz0YpaZK7PMUTrUq8JuYsJrP2UiTgwVZH5FmHBkJMqaQQOmKDF8YgETxexHEBlhhYmx/ZVsQ95iH8vQqlW9i2rt/rJSv8m7KsIJnMI5eHAFdbiDBjSBAIcXeIU359l5dz6cz/lowcl3juGfnK9fkpibtA==</latexit>

C
<latexit sha1_base64="Q3sRXCmeuyoKKBllPX3apWFotUQ=">AAACDHicbZDNSgMxFIXv1L9a/6ou3QSL4KrMVEGXxW5cVrA/0A4lk2ba0CQzJBmhDH0FF271MdyJW9/Bp/AVzLSz0LYHAh/n3As3J4g508Z1v53CxubW9k5xt7S3f3B4VD4+aesoUYS2SMQj1Q2wppxJ2jLMcNqNFcUi4LQTTBpZ3nmiSrNIPpppTH2BR5KFjGBjrW7aJ5ijxmxQrrhVdy60Cl4OFcjVHJR/+sOIJIJKQzjWuue5sfFTrAwjnM5K/UTTGJMJHtGeRYkF1X46v3eGLqwzRGGk7JMGzd2/GykWWk9FYCcFNmO9nGXm2ixzlA71urCXmPDWT5mME0MlWVwRJhyZCGXNoCFTlBg+tYCJYvYjiIyxwsTY/kq2IW+5j1Vo16reVbX2cF2p3+VdFeEMzuESPLiBOtxDE1pAgMMLvMKb8+y8Ox/O52K04OQ7p/BPztcveHibpA==</latexit>

M
<latexit sha1_base64="yyK19hvaOcg8mLU7bSoDmyvvA4Q=">AAACDHicbZDNSgMxFIVv6l+tf1WXboJFcFVmqqDLohs3QgX7A+1QMmmmDc1khiQjlKGv4MKtPoY7ces7+BS+gpl2Ftr2QODjnHvh5vix4No4zjcqrK1vbG4Vt0s7u3v7B+XDo5aOEkVZk0YiUh2faCa4ZE3DjWCdWDES+oK1/fFtlrefmNI8ko9mEjMvJEPJA06JsVYn7VEi8P20X644VWcmvAxuDhXI1eiXf3qDiCYhk4YKonXXdWLjpUQZTgWblnqJZjGhYzJkXYuShEx76ezeKT6zzgAHkbJPGjxz/26kJNR6Evp2MiRmpBezzFyZZY7SgV4VdhMTXHspl3FimKTzK4JEYBPhrBk84IpRIyYWCFXcfgTTEVGEGttfyTbkLvaxDK1a1b2o1h4uK/WbvKsinMApnIMLV1CHO2hAEygIeIFXeEPP6B19oM/5aAHlO8fwT+jrF4jMm64=</latexit>

S
<latexit sha1_base64="LRmM/ZMv6IL4+rlSwY12tmJxcZs=">AAACDHicbZDNSgMxFIXv1L9a/6ou3QSL4KrMVEGXRTcuK9ofaIeSSTNtaCYZkoxQhr6CC7f6GO7Ere/gU/gKZtpZaNsDgY9z7oWbE8ScaeO6305hbX1jc6u4XdrZ3ds/KB8etbRMFKFNIrlUnQBrypmgTcMMp51YURwFnLaD8W2Wt5+o0kyKRzOJqR/hoWAhI9hYq5P2COboYdovV9yqOxNaBi+HCuRq9Ms/vYEkSUSFIRxr3fXc2PgpVoYRTqelXqJpjMkYD2nXosAR1X46u3eKzqwzQKFU9gmDZu7fjRRHWk+iwE5G2Iz0YpaZK7PMUTrUq8JuYsJrP2UiTgwVZH5FmHBkJMqaQQOmKDF8YgETxexHEBlhhYmx/ZVsQ95iH8vQqlW9i2rt/rJSv8m7KsIJnMI5eHAFdbiDBjSBAIcXeIU359l5dz6cz/lowcl3juGfnK9fkpibtA==</latexit>

C
<latexit sha1_base64="Q3sRXCmeuyoKKBllPX3apWFotUQ=">AAACDHicbZDNSgMxFIXv1L9a/6ou3QSL4KrMVEGXxW5cVrA/0A4lk2ba0CQzJBmhDH0FF271MdyJW9/Bp/AVzLSz0LYHAh/n3As3J4g508Z1v53CxubW9k5xt7S3f3B4VD4+aesoUYS2SMQj1Q2wppxJ2jLMcNqNFcUi4LQTTBpZ3nmiSrNIPpppTH2BR5KFjGBjrW7aJ5ijxmxQrrhVdy60Cl4OFcjVHJR/+sOIJIJKQzjWuue5sfFTrAwjnM5K/UTTGJMJHtGeRYkF1X46v3eGLqwzRGGk7JMGzd2/GykWWk9FYCcFNmO9nGXm2ixzlA71urCXmPDWT5mME0MlWVwRJhyZCGXNoCFTlBg+tYCJYvYjiIyxwsTY/kq2IW+5j1Vo16reVbX2cF2p3+VdFeEMzuESPLiBOtxDE1pAgMMLvMKb8+y8Ox/O52K04OQ7p/BPztcveHibpA==</latexit>

STAB =
n X

|↵ii2St

ai|↵iih↵i|
��� ai � 0

o

<latexit sha1_base64="E+J9dwN3HpXBNt72jZhmMnqpLzY="></latexit>



Examples	of	Magic	Monotone
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linear	opKmizaKon-																											is	overcomplete	basis:

-	RoM	quanKfies	how	much	ρ	goes	out	of	STAB

-	Robustness	of	magic

{|↵ih↵}|↵i2St
<latexit sha1_base64="88nvfyl6BrS0zHSNKDlQiCMozwc=">AAACH3icbVDLSsNAFJ3UV62vqEs3g0VwVZIq6rLoxmVF+4AmlJvptB06mYSZiVBi/sSNv+LGhSLirn/jtM1CWw9c7uGce5m5J4g5U9pxJlZhZXVtfaO4Wdra3tnds/cPmipKJKENEvFItgNQlDNBG5ppTtuxpBAGnLaC0c3Ubz1SqVgkHvQ4pn4IA8H6jIA2Ute+8NInD3g8BE+CGHDq8Xmba1l30WYC3+usa5edijMDXiZuTsooR71rf3u9iCQhFZpwUKrjOrH2U5CaEU6zkpcoGgMZwYB2DBUQUuWns/syfGKUHu5H0pTQeKb+3kghVGocBmYyBD1Ui95U/M/rJLp/5adMxImmgswf6icc6whPw8I9JinRfGwIEMnMXzEZggSiTaQlE4K7ePIyaVYr7lmlenderl3ncRTRETpGp8hFl6iGblEdNRBBz+gVvaMP68V6sz6tr/lowcp3DtEfWJMfjr+kgw==</latexit>

(ai � 0)
<latexit sha1_base64="+rNHAi/1o2kXJjVpO07lkO8TjTM=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoMQL2E3CnoMevEYwTwwWcLspDcZMju7zMwKIeQvvHhQxKt/482/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGtzO/9YRK81g+mHGCfkQHkoecUWOlxzLt8e4AiXveK5bcijsHWSVeRkqQod4rfnX7MUsjlIYJqnXHcxPjT6gynAmcFrqpxoSyER1gx1JJI9T+ZH7xlJxZpU/CWNmShszV3xMTGmk9jgLbGVEz1MveTPzP66QmvPYnXCapQckWi8JUEBOT2fukzxUyI8aWUKa4vZWwIVWUGRtSwYbgLb+8SprVindRqd5flmo3WRx5OIFTKIMHV1CDO6hDAxhIeIZXeHO08+K8Ox+L1pyTzRzDHzifPwObj9Q=</latexit>

|St| ⇠ d
L2

2 � d2L
<latexit sha1_base64="OUwprLsCP8bH21Kcvl5wZFUfJNM=">AAACDXicbVC7TsNAEDzzDOFloKQ5EZCoItsgQRlBQ5EiCPKQYic6n8/OKeeH7s5IkeMfoOFXaChAiJaejr/hnKSAhJFWGs3sanfHTRgV0jC+taXlldW19dJGeXNre2dX39tviTjlmDRxzGLecZEgjEakKalkpJNwgkKXkbY7vC789gPhgsbRvRwlxAlREFGfYiSV1NePx3dybAsaQq+X2T5HOKv3rDyz8twOgkK06nlfrxhVYwK4SMwZqYAZGn39y/ZinIYkkpghIbqmkUgnQ1xSzEhetlNBEoSHKCBdRSMUEuFkk29yeKIUD/oxVxVJOFF/T2QoFGIUuqozRHIg5r1C/M/rptK/dDIaJakkEZ4u8lMGZQyLaKBHOcGSjRRBmFN1K8QDpCKRKsCyCsGcf3mRtKyqeVa1bs8rtatZHCVwCI7AKTDBBaiBG9AATYDBI3gGr+BNe9JetHftY9q6pM1mDsAfaJ8/e1CbzQ==</latexit>

[Howard,Campbell,1609.07488]

*OpKmizaKon	makes	the	computaKon	very	hard	for	a	large	system	size.

-	If	we	consider	only	pure	states,	we	can	define	a	faithful	monotone	without	opKmizaKon.

-	RelaKve	entropy	of	magic

RoM(⇢) = inf
ai

n X

i (ai<0)

|ai|
��� ⇢ =

X

|↵ii2St

ai|↵iih↵i|
o

<latexit sha1_base64="ix7/t82WkJjq9ZEUHLlQ0wipxjE="></latexit>

rM (⇢) = min
�2STAB

(Tr⇢ log ⇢� Tr⇢ log �)
<latexit sha1_base64="1ciYoAjGDyAeNXMwTgkzXS95piY="></latexit>

[Veitch,Mousavian,Goiesman,Emerson,1307.7171]



Stabilizer	Renyi	entropy
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[Leone,Oliviero,Hamma,2106.12587]

eP = {1, X, Y, Z}⌦L
<latexit sha1_base64="Aaisyoz6UPbTgUlaAygKcTtSDJk=">AAACD3icbVA9SwNBEN2LXzF+RS1tFoNiEcKdCtoIoo2FRQQTo7kY9vYmcXHvg905JRz3D2z8KzYWitja2vlv3MQUmvhg4PHeDDPzvFgKjbb9ZeUmJqemZ/Kzhbn5hcWl4vJKXUeJ4lDjkYxUw2MapAihhgIlNGIFLPAkXHi3x33/4g6UFlF4jr0YWgHrhqIjOEMjtYubqXsvfEAhfaDV7MBNnXKjfFm+crPr1I1QBKDpadYuluyKPQAdJ86QlMgQ1Xbx0/UjngQQIpdM66Zjx9hKmULBJWQFN9EQM37LutA0NGRmTysd/JPRDaP4tBMpUyHSgfp7ImWB1r3AM50Bwxs96vXF/7xmgp39VirCOEEI+c+iTiIpRrQfDvWFAo6yZwjjSphbKb9hinE0ERZMCM7oy+Okvl1xdirbZ7ulw6NhHHmyRtbJFnHIHjkkJ6RKaoSTB/JEXsir9Wg9W2/W+09rzhrOrJI/sD6+AQtSnAY=</latexit>

-

-	Haar	random	average:

M2(| i)  log
h2L + 1

2

i

<latexit sha1_base64="efcb9LnRYxWROiKNLrVk9Ex4s14="></latexit>

M2(| i) = � log


1

2L

X

p2 eP

|h |p| i|4
�

<latexit sha1_base64="V2ie5gK1ZbnRkDRPMgPeqywLZy0="></latexit>

M2(| i) = M2(U | i) (U 2 Cl)
<latexit sha1_base64="wvcn1kV4TO6+l+nuzJBXTad0DaU=">AAACHHicbZDLSsNAFIYn9VbrLerSzWAR2k1JWkE3QrEbN0IF0xaaECaTaTt0MokzE6HEPogbX8WNC0XcuBB8G6eXhbb+MPDznXM4c/4gYVQqy/o2ciura+sb+c3C1vbO7p65f9CScSowcXDMYtEJkCSMcuIoqhjpJIKgKGCkHQwbk3r7nghJY36rRgnxItTntEcxUhr5Zu3ar5Ye3ERSVyDeZ6R8MSHOH+TepSiEJcelHDZY2TeLVsWaCi4be26KYK6mb366YYzTiHCFGZKya1uJ8jIkFMWMjAtuKkmC8BD1SVdbjiIivWx63BieaBLCXiz04wpO6e+JDEVSjqJAd0ZIDeRibQL/q3VT1Tv3MsqTVBGOZ4t6KYMqhpOkYEgFwYqNtEFYUP1XiAdIIKx0ngUdgr148rJpVSt2rVK9OS3WL+dx5MEROAYlYIMzUAdXoAkcgMEjeAav4M14Ml6Md+Nj1poz5jOH4I+Mrx+CBaBe</latexit>

-	Bounded	as

M2,Haar = � log

Z

U(2L)

dUe�M2(U | i)
�
= log

h2L + 3

4

i

<latexit sha1_base64="kgIY7A1mWDZXOw0IokwwWflXn0w="></latexit>

|h |p| i|  1
<latexit sha1_base64="TJZs/iXrTAmcahyJizq0y4ddpzU=">AAACCnicbVC7TsMwFHXKq5RXgJHFUCExVUlBgrGChbFI9CE1VeW4t61Vx4lsB6lKO7PwKywMIMTKF7DxNzhpBmg50tU9Oude2ff4EWdKO863VVhZXVvfKG6WtrZ3dvfs/YOmCmNJoUFDHsq2TxRwJqChmebQjiSQwOfQ8sc3qd96AKlYKO71JIJuQIaCDRgl2kg9+3jqcSKGHLAXKTaNpmnzZCYZC7Dbs8tOxcmAl4mbkzLKUe/ZX14/pHEAQlNOlOq4TqS7CZGaUQ6zkhcriAgdkyF0DBUkANVNslNm+NQofTwIpSmhcab+3khIoNQk8M1kQPRILXqp+J/XifXgqpswEcUaBJ0/NIg51iFOc8F9JoFqPjGEUMnMXzEdEUmoNumVTAju4snLpFmtuOeV6t1FuXadx1FER+gEnSEXXaIaukV11EAUPaJn9IrerCfrxXq3PuajBSvfOUR/YH3+AMFkmus=</latexit>

-	Since																							,
X

p2 eP

|h |p| i|4 
X

p2 eP

|h |p| i|2 = 2L

<latexit sha1_base64="Y6FnckCrGCuNKTJ8zOF5gHeSnn8="></latexit>

|h |p| i| = 1
<latexit sha1_base64="gaysffiOlIv1UNjNeYFIEzdMo6k=">AAACBnicbVDLSgMxFM34rPU16lKEYBFclZkq6EYounFZwT6gM5RMmmlDM5mQZIQy7cqNv+LGhSJu/QZ3/o2Z6Sy09cDlHs65l+SeQDCqtON8W0vLK6tr66WN8ubW9s6uvbffUnEiMWnimMWyEyBFGOWkqalmpCMkQVHASDsY3WR++4FIRWN+r8eC+BEacBpSjLSRevbRxGOIDxjxhKITMcmaJ3NlcuX27IpTdXLAReIWpAIKNHr2l9ePcRIRrjFDSnVdR2g/RVJTzMi07CWKCIRHaEC6hnIUEeWn+RlTeGKUPgxjaYprmKu/N1IUKTWOAjMZIT1U814m/ud1Ex1e+inlItGE49lDYcKgjmGWCexTSbBmY0MQltT8FeIhkghrk1zZhODOn7xIWrWqe1at3Z1X6tdFHCVwCI7BKXDBBaiDW9AATYDBI3gGr+DNerJerHfrYza6ZBU7B+APrM8fM+aZkw==</latexit>

"="	iff
2L

<latexit sha1_base64="+Ne+x0xTpEkfDWQO+vOOwrx2rwc=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe6ioGXQxsIiovmAJIa9zVyyZG/v2N0TwpGfYGOhiK2/yM5/4ya5QhMfDDzem2Fmnh8Lro3rfju5ldW19Y38ZmFre2d3r7h/0NBRohjWWSQi1fKpRsEl1g03AluxQhr6Apv+6HrqN59QaR7JBzOOsRvSgeQBZ9RY6b7yeNsrltyyOwNZJl5GSpCh1it+dfoRS0KUhgmqddtzY9NNqTKcCZwUOonGmLIRHWDbUklD1N10duqEnFilT4JI2ZKGzNTfEykNtR6Hvu0MqRnqRW8q/ue1ExNcdlMu48SgZPNFQSKIicj0b9LnCpkRY0soU9zeStiQKsqMTadgQ/AWX14mjUrZOytX7s5L1assjjwcwTGcggcXUIUbqEEdGAzgGV7hzRHOi/PufMxbc042cwh/4Hz+AMmyjXg=</latexit>

M2(| i) � 0
<latexit sha1_base64="6yZetq99PaHoeE/GHr/+9FLPjuQ=">AAAB/3icbVBNS8NAEN3Ur1q/qoIXL4tFqJeSVEGPRS9ehAr2A5oQNttJu3SzCbsbobQ9+Fe8eFDEq3/Dm//GbZuDtj4YeLw3w8y8IOFMadv+tnIrq2vrG/nNwtb2zu5ecf+gqeJUUmjQmMeyHRAFnAloaKY5tBMJJAo4tILBzdRvPYJULBYPepiAF5GeYCGjRBvJLx7d+dXy2E0UcyURPQ5nbg+w7RdLdsWeAS8TJyMllKHuF7/cbkzTCISmnCjVcexEeyMiNaMcJgU3VZAQOiA96BgqSATKG83un+BTo3RxGEtTQuOZ+ntiRCKlhlFgOiOi+2rRm4r/eZ1Uh1feiIkk1SDofFGYcqxjPA0Dd5kEqvnQEEIlM7di2ieSUG0iK5gQnMWXl0mzWnHOK9X7i1LtOosjj47RCSojB12iGrpFddRAFI3RM3pFb9aT9WK9Wx/z1pyVzRyiP7A+fwCUIJUr</latexit>

"="	iff | i 2 St
<latexit sha1_base64="el1xyqlYEi2/kdEEMe/4ESd2AjA=">AAAB+3icbVDLSgNBEOz1GeMrxqOXwSB4CrtR0GPQi8eI5gHZJcxOZpMhs7PLTK8YYn7FiwdFvPoj3vwbJ4+DJhY0FFXddHeFqRQGXffbWVldW9/YzG3lt3d29/YLB8WGSTLNeJ0lMtGtkBouheJ1FCh5K9WcxqHkzXBwPfGbD1wbkah7HKY8iGlPiUgwilbqFIpPfmqEr6nqSe4LRe6wUyi5ZXcKsky8OSnBHLVO4cvvJiyLuUImqTFtz00xGFGNgkk+zvuZ4SllA9rjbUsVjbkJRtPbx+TEKl0SJdqWQjJVf0+MaGzMMA5tZ0yxbxa9ifif184wugxGQqUZcsVmi6JMEkzIJAjSFZozlENLKNPC3kpYn2rK0MaVtyF4iy8vk0al7J2VK7fnperVPI4cHMExnIIHF1CFG6hBHRg8wjO8wpszdl6cd+dj1rrizGcO4Q+czx8Wa5R2</latexit>

for	some								p's

Other	properKes	of															:

M2(| i)
<latexit sha1_base64="b9b9lFrHpqepCdHj/J6eRaurNA4=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16CRahXkpSBT0WvXgRKtgPaELYbCft0s0m7G6UkvanePGgiFd/iTf/jds2B219MPB4b4aZeUHCqFS2/W0U1tY3NreK26Wd3b39A7N82JZxKgi0SMxi0Q2wBEY5tBRVDLqJABwFDDrB6Gbmdx5BSBrzBzVOwIvwgNOQEqy05JvlO79enbiJpK7AfMDgzDcrds2ew1olTk4qKEfTN7/cfkzSCLgiDEvZc+xEeRkWihIG05KbSkgwGeEB9DTlOALpZfPTp9apVvpWGAtdXFlz9fdEhiMpx1GgOyOshnLZm4n/eb1UhVdeRnmSKuBksShMmaVia5aD1acCiGJjTTARVN9qkSEWmCidVkmH4Cy/vEra9ZpzXqvfX1Qa13kcRXSMTlAVOegSNdAtaqIWIugJPaNX9GZMjBfj3fhYtBaMfOYI/YHx+QN9+ZOB</latexit>

M2(| i)
<latexit sha1_base64="b9b9lFrHpqepCdHj/J6eRaurNA4=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16CRahXkpSBT0WvXgRKtgPaELYbCft0s0m7G6UkvanePGgiFd/iTf/jds2B219MPB4b4aZeUHCqFS2/W0U1tY3NreK26Wd3b39A7N82JZxKgi0SMxi0Q2wBEY5tBRVDLqJABwFDDrB6Gbmdx5BSBrzBzVOwIvwgNOQEqy05JvlO79enbiJpK7AfMDgzDcrds2ew1olTk4qKEfTN7/cfkzSCLgiDEvZc+xEeRkWihIG05KbSkgwGeEB9DTlOALpZfPTp9apVvpWGAtdXFlz9fdEhiMpx1GgOyOshnLZm4n/eb1UhVdeRnmSKuBksShMmaVia5aD1acCiGJjTTARVN9qkSEWmCidVkmH4Cy/vEra9ZpzXqvfX1Qa13kcRXSMTlAVOegSNdAtaqIWIugJPaNX9GZMjBfj3fhYtBaMfOYI/YHx+QN9+ZOB</latexit>

														saKsfies	requirements	for	monotone:M2(| i)
<latexit sha1_base64="b9b9lFrHpqepCdHj/J6eRaurNA4=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16CRahXkpSBT0WvXgRKtgPaELYbCft0s0m7G6UkvanePGgiFd/iTf/jds2B219MPB4b4aZeUHCqFS2/W0U1tY3NreK26Wd3b39A7N82JZxKgi0SMxi0Q2wBEY5tBRVDLqJABwFDDrB6Gbmdx5BSBrzBzVOwIvwgNOQEqy05JvlO79enbiJpK7AfMDgzDcrds2ew1olTk4qKEfTN7/cfkzSCLgiDEvZc+xEeRkWihIG05KbSkgwGeEB9DTlOALpZfPTp9apVvpWGAtdXFlz9fdEhiMpx1GgOyOshnLZm4n/eb1UhVdeRnmSKuBksShMmaVia5aD1acCiGJjTTARVN9qkSEWmCidVkmH4Cy/vEra9ZpzXqvfX1Qa13kcRXSMTlAVOegSNdAtaqIWIugJPaNX9GZMjBfj3fhYtBaMfOYI/YHx+QN9+ZOB</latexit>



Mana																(qudit	with	d	≥	3)
14/25Tomoki	Nosaka,		Towards	BH	interior	by	Magic	of	Chaos				--				3.	Resource	theory	of	magic

P = hZi, Xii
<latexit sha1_base64="1aM4LhejBrZjpisZfwlsrvcqvCk=">AAACAXicbVDLSsNAFL3xWesr6kZwM1gEF1KSKuhGKLpxWcE+sAlhMp20QyeTMDMRSqkbf8WNC0Xc+hfu/BunaRfaeuDCmXPuZe49YcqZ0o7zbS0sLi2vrBbWiusbm1vb9s5uQyWZJLROEp7IVogV5UzQumaa01YqKY5DTpth/3rsNx+oVCwRd3qQUj/GXcEiRrA2UmDv1y49jkWXU3QfsJNWwDyZPwO75JSdHGieuFNSgilqgf3ldRKSxVRowrFSbddJtT/EUjPC6ajoZYqmmPRxl7YNFTimyh/mF4zQkVE6KEqkKaFRrv6eGOJYqUEcms4Y656a9cbif14709GFP2QizTQVZPJRlHGkEzSOA3WYpETzgSGYSGZ2RaSHJSbahFY0IbizJ8+TRqXsnpYrt2el6tU0jgIcwCEcgwvnUIUbqEEdCDzCM7zCm/VkvVjv1sekdcGazuzBH1ifP6CZll4=</latexit>

-	Generalized	Pauli	group:

! = e
2⇡i
d

<latexit sha1_base64="CAImmDIanP13tw241E5aPaaHmog=">AAACBHicbVDLSsNAFJ3UV62vqMtuBovgqiRV0I1QdOOygn1AE8tkctMOnTyYmQglZOHGX3HjQhG3foQ7/8Zpm4W2HrhwOOde7r3HSziTyrK+jdLK6tr6RnmzsrW9s7tn7h90ZJwKCm0a81j0PCKBswjaiikOvUQACT0OXW98PfW7DyAki6M7NUnADckwYgGjRGlpYFadOIQhuYT7zAkEoVnDSRhmeebn+cCsWXVrBrxM7ILUUIHWwPxy/JimIUSKciJl37YS5WZEKEY55BUnlZAQOiZD6GsakRCkm82eyPGxVnwcxEJXpPBM/T2RkVDKSejpzpCokVz0puJ/Xj9VwYWbsShJFUR0vihIOVYxniaCfSaAKj7RhFDB9K2YjojOQuncKjoEe/HlZdJp1O3TeuP2rNa8KuIooyo6QifIRueoiW5QC7URRY/oGb2iN+PJeDHejY95a8koZg7RHxifPwTKmFY=</latexit>

X =
d�1X

s=0

|(s+ 1mod d)ihs|
<latexit sha1_base64="nrqXjbrFEwj/JiF1ySgfRxf6sUg="></latexit>

Z =
d�1X

s=0

!s|sihs|
<latexit sha1_base64="zGCEQT7quAMqxNcfH2bm0wbCAnk=">AAACFnicbVDLSgMxFM3Ud32NunQTLIKblpkq6KYgunGpYLXYmQ6Z9LYGk8yQZIQy9ivc+CtuXCjiVtz5N6aPhbYeuNzDOfeS3BOnnGnjed9OYWZ2bn5hcam4vLK6tu5ubF7pJFMU6jThiWrERANnEuqGGQ6NVAERMYfr+O504F/fg9IskZeml0IoSFeyDqPEWClyyze1QGciynXN67fydtnvB4mALmnpBx0oIrscAj5sWD9EbsmreEPgaeKPSQmNcR65X0E7oZkAaSgnWjd9LzVhTpRhlEO/GGQaUkLvSBealkoiQIf58Kw+3rVKG3cSZUsaPFR/b+REaN0TsZ0UxNzqSW8g/uc1M9M5CnMm08yApKOHOhnHJsGDjHCbKaCG9ywhVDH7V0xviSLU2CSLNgR/8uRpclWt+PuV6sVB6fhkHMci2kY7aA/56BAdozN0juqIokf0jF7Rm/PkvDjvzsdotOCMd7bQHzifP/N4n+A=</latexit>

-	Clifford	group: |si, sji ! |si, (sj + si mod d)i
<latexit sha1_base64="OwLpLYf8mP1MIByKSaRAue8sDHY="></latexit>

Xi ! XiXj ,
<latexit sha1_base64="Le0esV6qdamFbVcJq8Qw89WLR/U=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARXEhJqqDLohuXFWwbaEOYTCft6GQSZm6UErvwV9y4UMStv+HOv3H6WGjrgQtnzrmXufeEqeAaHOfbKiwsLi2vFFdLa+sbm1v29k5TJ5mirEETkSgvJJoJLlkDOAjmpYqROBSsFd5djvzWPVOaJ/IGBinzY9KTPOKUgJECe88LeEfxXh+IUskDNk8vuD0O7LJTccbA88SdkjKaoh7YX51uQrOYSaCCaN12nRT8nCjgVLBhqZNplhJ6R3qsbagkMdN+Pt5/iA+N0sVRokxJwGP190ROYq0HcWg6YwJ9PeuNxP+8dgbRuZ9zmWbAJJ18FGUCQ4JHYeAuV4yCGBhCqOJmV0z7RBEKJrKSCcGdPXmeNKsV96RSvT4t1y6mcRTRPjpAR8hFZ6iGrlAdNRBFj+gZvaI368l6sd6tj0lrwZrO7KI/sD5/AKqPld0=</latexit>

Zj ! Z�1
i Zj

<latexit sha1_base64="8MYep6XlK14nHvV0rr0Rb15C2I8=">AAACA3icbVDLSgMxFM3UV62vUXe6CRbBjWWmCrosunFZwT5oOw6ZNNPGZpIhyShlKLjxV9y4UMStP+HOvzFtZ6GtBy4czrmXe+8JYkaVdpxvK7ewuLS8kl8trK1vbG7Z2zt1JRKJSQ0LJmQzQIowyklNU81IM5YERQEjjWBwOfYb90QqKviNHsbEi1CP05BipI3k23st/64jaa+vkZTiAbZ8epseuyMj+3bRKTkTwHniZqQIMlR9+6vTFTiJCNeYIaXarhNrL0VSU8zIqNBJFIkRHqAeaRvKUUSUl05+GMFDo3RhKKQpruFE/T2RokipYRSYzgjpvpr1xuJ/XjvR4bmXUh4nmnA8XRQmDGoBx4HALpUEazY0BGFJza0Q95FEWJvYCiYEd/bleVIvl9yTUvn6tFi5yOLIg31wAI6AC85ABVyBKqgBDB7BM3gFb9aT9WK9Wx/T1pyVzeyCP7A+fwDAHJeU</latexit>

[Goiesman,quant-ph/9802007]

-																									for	allh |A�!a | i � 0
<latexit sha1_base64="K+hEvGOw7I6JIjgc7BxmsOnHKXc=">AAACHHicbVDLSgMxFM34tr6qLt0Ei+CqzKigy6oblwrWFjql3Elvp8FMMiQZpYz9EDf+ihsXirhxIfg3po+Fth4IHM45l5t7olRwY33/25uZnZtfWFxaLqysrq1vFDe3bozKNMMqU0LpegQGBZdYtdwKrKcaIYkE1qLb84Ffu0NtuJLXtpdiM4FY8g5nYJ3UKh6GAmQsMEwNfzht5aFyac3jrgWt1X0O/f7DwAv1KBYj9VvFkl/2h6DTJBiTEhnjslX8DNuKZQlKywQY0wj81DZz0JYzgf1CmBlMgd1CjA1HJSRomvnwuD7dc0qbdpR2T1o6VH9P5JAY00sil0zAds2kNxD/8xqZ7Zw0cy7TzKJko0WdTFCr6KAp2uYamRU9R4Bp7v5KWRc0MOv6LLgSgsmTp8nNQTk4LB9cHZUqZ+M6lsgO2SX7JCDHpEIuyCWpEkYeyTN5JW/ek/fivXsfo+iMN57ZJn/gff0AYiejYw==</latexit>

�!a
<latexit sha1_base64="NKhaNY6mxfFSpAE+LU5BCvDxm/0=">AAAB+3icbVBNSwMxEM3Wr1q/1nr0EiyCp7JbBT0WvXisYD+gXUo2TdvQbLIks2pZ9q948aCIV/+IN/+NabsHbX0w8Hhvhpl5YSy4Ac/7dgpr6xubW8Xt0s7u3v6Be1huGZVoyppUCaU7ITFMcMmawEGwTqwZiULB2uHkZua3H5g2XMl7mMYsiMhI8iGnBKzUd8s9ZW3NR2MgWqvHlGR9t+JVvTnwKvFzUkE5Gn33qzdQNImYBCqIMV3fiyFIiQZOBctKvcSwmNAJGbGupZJEzATp/PYMn1plgIdK25KA5+rviZRExkyj0HZGBMZm2ZuJ/3ndBIZXQcplnACTdLFomAgMCs+CwAOuGQUxtYRQze2tmI6JJhRsXCUbgr/88ipp1ar+ebV2d1GpX+dxFNExOkFnyEeXqI5uUQM1EUVP6Bm9ojcnc16cd+dj0Vpw8pkj9AfO5w8VKpUd</latexit>

| i 2 St
<latexit sha1_base64="el1xyqlYEi2/kdEEMe/4ESd2AjA=">AAAB+3icbVDLSgNBEOz1GeMrxqOXwSB4CrtR0GPQi8eI5gHZJcxOZpMhs7PLTK8YYn7FiwdFvPoj3vwbJ4+DJhY0FFXddHeFqRQGXffbWVldW9/YzG3lt3d29/YLB8WGSTLNeJ0lMtGtkBouheJ1FCh5K9WcxqHkzXBwPfGbD1wbkah7HKY8iGlPiUgwilbqFIpPfmqEr6nqSe4LRe6wUyi5ZXcKsky8OSnBHLVO4cvvJiyLuUImqTFtz00xGFGNgkk+zvuZ4SllA9rjbUsVjbkJRtPbx+TEKl0SJdqWQjJVf0+MaGzMMA5tZ0yxbxa9ifif184wugxGQqUZcsVmi6JMEkzIJAjSFZozlENLKNPC3kpYn2rK0MaVtyF4iy8vk0al7J2VK7fnperVPI4cHMExnIIHF1CFG6hBHRg8wjO8wpszdl6cd+dj1rrizGcO4Q+czx8Wa5R2</latexit>

()
<latexit sha1_base64="W5GcVD/A9Q5aSnYn6SpIuhi/vgY=">AAAB/HicbVBNS8NAEN34WetXtEcvwSJ4KkkV9Fj04sFDBfsBbSib7SZdutkNuxMlhPpXvHhQxKs/xJv/xm2bg7Y+GHi8N8PMvCDhTIPrflsrq2vrG5ulrfL2zu7evn1w2NYyVYS2iORSdQOsKWeCtoABp91EURwHnHaC8fXU7zxQpZkU95Al1I9xJFjICAYjDexK/1aKiNMQFItGgJWSjwO76tbcGZxl4hWkigo0B/ZXfyhJGlMBhGOte56bgJ9jBYxwOin3U00TTMY4oj1DBY6p9vPZ8RPnxChDJ5TKlABnpv6eyHGsdRYHpjPGMNKL3lT8z+ulEF76ORNJClSQ+aIw5Q5IZ5qEM2SKEuCZIZgoZm51yAgrTMDkVTYheIsvL5N2vead1ep359XGVRFHCR2hY3SKPHSBGugGNVELEZShZ/SK3qwn68V6tz7mrStWMVNBf2B9/gB4GZVN</latexit>

(								not	true	for	d	=	2))
<latexit sha1_base64="aa+RtvqzfdVoDKVWFQEMlw9hXxM=">AAAB8nicbVBNS8NAEJ34WetX1aOXYBE8laQKeix68VjFfkAayma7aZdudsPuRCmlP8OLB0W8+mu8+W/ctjlo64OBx3szzMyLUsENet63s7K6tr6xWdgqbu/s7u2XDg6bRmWasgZVQul2RAwTXLIGchSsnWpGkkiwVjS8mfqtR6YNV/IBRykLE9KXPOaUoJWCzj3vD5BorZ66pbJX8WZwl4mfkzLkqHdLX52eolnCJFJBjAl8L8VwTDRyKtik2MkMSwkdkj4LLJUkYSYcz06euKdW6bmx0rYkujP198SYJMaMksh2JgQHZtGbiv95QYbxVTjmMs2QSTpfFGfCReVO/3d7XDOKYmQJoZrbW106IJpQtCkVbQj+4svLpFmt+OeV6t1FuXadx1GAYziBM/DhEmpwC3VoAAUFz/AKbw46L8678zFvXXHymSP4A+fzB5JpkXE=</latexit> [Veitch,et.al.,1307.7171]

Md=3,L=1  M(⇢)  log(5/3), Md=5,L=1  Arcsinh(3 +
p
5)� log 5

<latexit sha1_base64="vPfb2mzD8yqP0ZyIh1ovwavkuj4="></latexit>

-	By	Jensen's	inequality	for	convex	funcKons,																																	(not	opKmal)

opKmal	bound:

-	Haar	random	average	for	d	>>	1:

Cl = hHi, Si, Qi,C-SUMiji
<latexit sha1_base64="Q27ONtGAqS/8Gh0lOuBUgq0BrOI=">AAACGHicbVC7SgNBFJ2NrxhfUUubwSBYaNyNgjZCMI2NoGhUyIZldnKTjJmdXWbuimHJZ9j4KzYWitja+TdOYgpfBw4czrmXmXvCRAqDrvvh5CYmp6Zn8rOFufmFxaXi8sqliVPNoc5jGevrkBmQQkEdBUq4TjSwKJRwFfZqw/zqFrQRsbrAfgLNiHWUaAvO0FpBcacmD33JVEcCPQ7E1rnlmaWPcIdZbfu8fjIIMnEz8PVoKCiW3LI7Av0rvLEokTFOg+K734p5GoFCLpkxDc9NsJkxjYJLGBT81EDCeI91oGGlYhGYZjY6bEA3rNOi7VhbKqQj9/tGxiJj+lFoJyOGXfM7G5r/ZY0U2wfNTKgkRVD866F2KinGdNgSbQkNHGXfCsa1sH+lvMs042i7LNgSvN8n/xWXlbK3W66c7ZWqR+M68mSNrJNN4pF9UiXH5JTUCSf35JE8kxfnwXlyXp23r9GcM95ZJT/gvH8CxmGfpQ==</latexit>

M(| i)
<latexit sha1_base64="0EvRZHgGSW69y1ri5m7SOr7laCU=">AAAB+HicbVBNS8NAEN34WetHox69LBahXkpSBT0WvXgRKtgPaELZbCft0s0m7G6EGvtLvHhQxKs/xZv/xm2bg7Y+GHi8N8PMvCDhTGnH+bZWVtfWNzYLW8Xtnd29kr1/0FJxKik0acxj2QmIAs4ENDXTHDqJBBIFHNrB6Hrqtx9AKhaLez1OwI/IQLCQUaKN1LNLt5UnL1HMk0QMOJz27LJTdWbAy8TNSRnlaPTsL68f0zQCoSknSnVdJ9F+RqRmlMOk6KUKEkJHZABdQwWJQPnZ7PAJPjFKH4exNCU0nqm/JzISKTWOAtMZET1Ui95U/M/rpjq89DMmklSDoPNFYcqxjvE0BdxnEqjmY0MIlczciumQSEK1yapoQnAXX14mrVrVPavW7s7L9as8jgI6Qseoglx0geroBjVQE1GUomf0it6sR+vFerc+5q0rVj5ziP7A+vwBTv+S3A==</latexit>

M(| i) = log


1

dL

X

�!a

|h |A�!a | i|
�

<latexit sha1_base64="2qAZmy7Uj3PwIL4uMMr2qjxt2gw="></latexit>

A�!a = d�LT�!a
X

�!
b

T�!
b
T †
�!a

<latexit sha1_base64="aPE8Gj9uFiqlsWgTYdSKgBI9lSM="></latexit>

T�!a = ⌦L
i=1!

� (d+1)a2i�1a2i
2 Za2i�1

i Xa2i
i

<latexit sha1_base64="iUHQhaFTntb+6BmraYRaZ+wXhks="></latexit>

Xi ! X2
i , Zi ! Z

d+1
2

i
<latexit sha1_base64="TnSEY7z+0s0xmawMLltQKeZlsb0=">AAACInicbVDLSsNAFJ3UV62vqEs3g0UQLCWJgrorunFZwT6wScNkMmmHTh7MTJQS8i1u/BU3LhR1JfgxTh8L23pg4Nxz7uXOPV7CqJCG8a0VlpZXVteK66WNza3tHX13rynilGPSwDGLedtDgjAakYakkpF2wgkKPUZa3uB65LceCBc0ju7kMCFOiHoRDShGUkmuftl2qc1pry8R5/EjVGXXqtiV+1lZld3MDjjCmX9i5pmV565eNqrGGHCRmFNSBlPUXf3T9mOchiSSmCEhOqaRSCdDXFLMSF6yU0EShAeoRzqKRigkwsnGJ+bwSCk+DGKuXiThWP07kaFQiGHoqc4Qyb6Y90bif14nlcGFk9EoSSWJ8GRRkDIoYzjKC/qUEyzZUBGEOVV/hbiPVBBSpVpSIZjzJy+SplU1T6vW7Vm5djWNowgOwCE4BiY4BzVwA+qgATB4Ai/gDbxrz9qr9qF9TVoL2nRmH8xA+/kFv+Kkaw==</latexit>

Xi ! XiZi
<latexit sha1_base64="L4CkgoUHzxXOaMbkZQ1VeD//xuA=">AAAB/nicbVDLSgMxFM34rPU1Kq7cBIvgqsxUQZdFNy4r2Ae2w5BJ0zY0kwzJHaUMBX/FjQtF3Pod7vwb03YW2nrgwsk595J7T5QIbsDzvp2l5ZXVtfXCRnFza3tn193bbxiVasrqVAmlWxExTHDJ6sBBsFaiGYkjwZrR8HriNx+YNlzJOxglLIhJX/IepwSsFLqHrZB3NO8PgGitHrF93oc8dEte2ZsCLxI/JyWUoxa6X52uomnMJFBBjGn7XgJBRjRwKti42EkNSwgdkj5rWypJzEyQTdcf4xOrdHFPaVsS8FT9PZGR2JhRHNnOmMDAzHsT8T+vnULvMsi4TFJgks4+6qUCg8KTLHCXa0ZBjCwhVHO7K6YDogkFm1jRhuDPn7xIGpWyf1au3J6Xqld5HAV0hI7RKfLRBaqiG1RDdURRhp7RK3pznpwX5935mLUuOfnMAfoD5/MHPBaVqA==</latexit>

Xi ! Zi, Zi ! X�1
i

<latexit sha1_base64="d0dEbpPZj+obCPjZb1lSkfOHqHs=">AAACFXicbVDLSgMxFM34rPU16tJNsAguapmpgi6LblxWsA/aGYdMmrahmWRIMkoZ+hNu/BU3LhRxK7jzb0zbWdjWA4HDOedyc08YM6q04/xYS8srq2vruY385tb2zq69t19XIpGY1LBgQjZDpAijnNQ01Yw0Y0lQFDLSCAfXY7/xQKSigt/pYUz8CPU47VKMtJECu9gMqCdpr6+RlOIRtgJa9IqtWdFk7tNTdxTYBafkTAAXiZuRAshQDexvryNwEhGuMUNKtV0n1n6KpKaYkVHeSxSJER6gHmkbylFElJ9OrhrBY6N0YFdI87iGE/XvRIoipYZRaJIR0n01743F/7x2oruXfkp5nGjC8XRRN2FQCziuCHaoJFizoSEIS2r+CnEfSYS1KTJvSnDnT14k9XLJPSuVb88Llausjhw4BEfgBLjgAlTADaiCGsDgCbyAN/BuPVuv1of1OY0uWdnMAZiB9fULQl+e3Q==</latexit>

Hi : |si !
d�1X

s0=0

!
ss0 |s0i

<latexit sha1_base64="k1N6HG1+P3p4TuMUB8opBRLHF54="></latexit>

Si : |si ! !
s(s�1)

2 |si
<latexit sha1_base64="hYkXy2n/G553a5fuytHFRnfSbZs=">AAACI3icbVDLSsNAFJ34tr6qLt0Ei6ALS1IFxZXoxqWiVaGp5WZ6kw6dzISZiVJi/sWNv+LGhSJuXPgvTmsRXwcGDuecy517wpQzbTzvzRkZHRufmJyaLs3Mzs0vlBeXzrXMFMU6lVyqyxA0ciawbpjheJkqhCTkeBF2D/v+xTUqzaQ4M70UmwnEgkWMgrFSq7x32mJ7tzpQIGKOgWJxx4BS8iaQCcZwlQeRAprrdb3pbxR5rSi+wq1yxat6A7h/iT8kFTLEcav8ErQlzRIUhnLQuuF7qWnmoAyjHItSkGlMgXYhxoalAhLUzXxwY+GuWaXtRlLZJ4w7UL9P5JBo3UtCm0zAdPRvry/+5zUyE+02cybSzKCgn4uijLtGuv3C3DZTSA3vWQJUMftXl3bAlmJsrSVbgv/75L/kvFb1t6q1k+3K/sGwjimyQlbJOvHJDtknR+SY1Akld+SBPJFn5955dF6c18/oiDOcWSY/4Lx/AEHPpd8=</latexit>

SUMij :
<latexit sha1_base64="9xnr4pRPZdjILcMDn1GYSRY2Vlc=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBbBU0mqoHgqevEiVDRtoQ1hs920azcf7E6KJeSfePGgiFf/iTf/jds2B60+GHi8N8PMPD8RXIFlfRmlpeWV1bXyemVjc2t7x9zda6k4lZQ5NBax7PhEMcEj5gAHwTqJZCT0BWv7o6up3x4zqXgc3cMkYW5IBhEPOCWgJc80e8AeIbtzbnIv4w/5hWdWrZo1A/5L7IJUUYGmZ372+jFNQxYBFUSprm0l4GZEAqeC5ZVeqlhC6IgMWFfTiIRMudns8hwfaaWPg1jqigDP1J8TGQmVmoS+7gwJDNWiNxX/87opBOduxqMkBRbR+aIgFRhiPI0B97lkFMREE0Il17diOiSSUNBhVXQI9uLLf0mrXrNPavXb02rjsoijjA7QITpGNjpDDXSNmshBFI3RE3pBr0ZmPBtvxvu8tWQUM/voF4yPb8pbk8E=</latexit>

Qi : |si ! |2si
<latexit sha1_base64="iRJaZNoolERVAS+91LwSLjXhVg0=">AAACDXicbVDLSsNAFJ3UV62vqEs3g1VwVZIqKK6Kbly2YB/QhDCZTtKhk0mYmSgl7Q+48VfcuFDErXt3/o3TNoK2HrhwOOde7r3HTxiVyrK+jMLS8srqWnG9tLG5tb1j7u61ZJwKTJo4ZrHo+EgSRjlpKqoY6SSCoMhnpO0Prid++44ISWN+q4YJcSMUchpQjJSWPPOo4dHLkXQE4iEjjqBhXyEh4ns4qsIf2TPLVsWaAi4SOydlkKPumZ9OL8ZpRLjCDEnZta1EuRkSimJGxiUnlSRBeIBC0tWUo4hIN5t+M4bHWunBIBa6uIJT9fdEhiIph5GvOyOk+nLem4j/ed1UBRduRnmSKsLxbFGQMqhiOIkG9qggWLGhJggLqm+FuI8EwkoHWNIh2PMvL5JWtWKfVqqNs3LtKo+jCA7AITgBNjgHNXAD6qAJMHgAT+AFvBqPxrPxZrzPWgtGPrMP/sD4+AbVdJwJ</latexit>

Define	Mana	as

-										are	orthonormal	basis,	henceA�!a
<latexit sha1_base64="KsS+O7uJ64MutoXBNBgB+eesu0s=">AAAB/3icbVDLSsNAFJ3UV62vqODGTbAIrkpSBV1W3bisYB/QhjCZTtuhk5kwc6OUmIW/4saFIm79DXf+jdM2C209MHA451zunRPGnGlw3W+rsLS8srpWXC9tbG5t79i7e00tE0Vog0guVTvEmnImaAMYcNqOFcVRyGkrHF1P/NY9VZpJcQfjmPoRHgjWZwSDkQL74DJIu9IkFBsMASslH1KcZYFddivuFM4i8XJSRjnqgf3V7UmSRFQA4VjrjufG4KdYASOcZqVuommMyQgPaMdQgSOq/XR6f+YcG6Xn9KUyT4AzVX9PpDjSehyFJhlhGOp5byL+53US6F/4KRNxAlSQ2aJ+wh2QzqQMp8cUJcDHhmCimLnVIUOsMAFTWcmU4M1/eZE0qxXvtFK9PSvXrvI6iugQHaET5KFzVEM3qI4aiKBH9Ixe0Zv1ZL1Y79bHLFqw8pl99AfW5w8x85bd</latexit>

X

�!a

h |A�!a | i = dL

<latexit sha1_base64="pL4mHsWxLSrkATq87TzWoIZcZOM="></latexit> :	monotoneM(| i)
<latexit sha1_base64="0EvRZHgGSW69y1ri5m7SOr7laCU=">AAAB+HicbVBNS8NAEN34WetHox69LBahXkpSBT0WvXgRKtgPaELZbCft0s0m7G6EGvtLvHhQxKs/xZv/xm2bg7Y+GHi8N8PMvCDhTGnH+bZWVtfWNzYLW8Xtnd29kr1/0FJxKik0acxj2QmIAs4ENDXTHDqJBBIFHNrB6Hrqtx9AKhaLez1OwI/IQLCQUaKN1LNLt5UnL1HMk0QMOJz27LJTdWbAy8TNSRnlaPTsL68f0zQCoSknSnVdJ9F+RqRmlMOk6KUKEkJHZABdQwWJQPnZ7PAJPjFKH4exNCU0nqm/JzISKTWOAtMZET1Ui95U/M/rpjq89DMmklSDoPNFYcqxjvE0BdxnEqjmY0MIlczciumQSEK1yapoQnAXX14mrVrVPavW7s7L9as8jgI6Qseoglx0geroBjVQE1GUomf0it6sR+vFerc+5q0rVj5ziP7A+vwBTv+S3A==</latexit>

(d:	prime)

Other	properKes:

MHaar ⇡
L log(d

p
⇡/2)

2
<latexit sha1_base64="FMtMwBPmFK4CD/ZL0oSpkOBA/5U="></latexit>

M(| i)  L log d

2
<latexit sha1_base64="BHdottEFpduBURgmcc8tpSSguzM=">AAACDXicbVDLSsNAFJ34rPVVdelmsAp1U5Iq6LLoxoVCBfuAJpTJ9KYdOpmEmYlQYn7Ajb/ixoUibt2782+cPhbaeuDC4Zx7ufceP+ZMadv+thYWl5ZXVnNr+fWNza3tws5uQ0WJpFCnEY9kyycKOBNQ10xzaMUSSOhzaPqDy5HfvAepWCTu9DAGLyQ9wQJGiTZSp3B4U3pwY8VcSUSPw7HLAbuBJDS9dnnUw90srWSdQtEu22PgeeJMSRFNUesUvtxuRJMQhKacKNV27Fh7KZGaUQ5Z3k0UxIQOSA/ahgoSgvLS8TcZPjJKFweRNCU0Hqu/J1ISKjUMfdMZEt1Xs95I/M9rJzo491Im4kSDoJNFQcKxjvAoGtxlEqjmQ0MIlczcimmfmCy0CTBvQnBmX54njUrZOSlXbk+L1YtpHDm0jw5QCTnoDFXRFaqhOqLoET2jV/RmPVkv1rv1MWldsKYze+gPrM8f/lqbgw==</latexit>
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-	integrable	for															(if	d	=	2,	also	for															)

-	chaoKc	for

We	compute	Mana																and	stabilizer	Renyi	entropy																	with

:	SU(2)	generators	withG(i)
µ

<latexit sha1_base64="cAPri0ZbKOD1yWtvYZ9lYMN5ZzI=">AAAB8nicbVBNSwMxEJ31s9avqkcvwSLUS9mtgh6LHvRYwX7Adi3ZNNuGJtklyQpl6c/w4kERr/4ab/4b03YP2vpg4PHeDDPzwoQzbVz321lZXVvf2CxsFbd3dvf2SweHLR2nitAmiXmsOiHWlDNJm4YZTjuJoliEnLbD0c3Ubz9RpVksH8w4oYHAA8kiRrCxkn/b64r0Mauws0mvVHar7gxomXg5KUOORq/01e3HJBVUGsKx1r7nJibIsDKMcDopdlNNE0xGeEB9SyUWVAfZ7OQJOrVKH0WxsiUNmqm/JzIstB6L0HYKbIZ60ZuK/3l+aqKrIGMySQ2VZL4oSjkyMZr+j/pMUWL42BJMFLO3IjLEChNjUyraELzFl5dJq1b1zqu1+4ty/TqPowDHcAIV8OAS6nAHDWgCgRie4RXeHOO8OO/Ox7x1xclnjuAPnM8ftQ2Q4A==</latexit>

H = �
L�1X

i=1

G
(i)
z G

(i+1)
z �

LX

i=1

(hxH
(i)
x + hzG

(i)
z )

<latexit sha1_base64="7/CiIOq7hlXQ7J2MvnLtB5WMg+M="></latexit>

(0, hz)
<latexit sha1_base64="KKwSCbwilpNd/FLcVn1fyfUTe2Y=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBAiSNiNgh6DXjxGMA9IljA76U2GzM4uM7NCDPkILx4U8er3ePNvnCR70MSChqKqm+6uIBFcG9f9dlZW19Y3NnNb+e2d3b39wsFhQ8epYlhnsYhVK6AaBZdYN9wIbCUKaRQIbAbD26nffESleSwfzChBP6J9yUPOqLFSs+SeD7pPZ91C0S27M5Bl4mWkCBlq3cJXpxezNEJpmKBatz03Mf6YKsOZwEm+k2pMKBvSPrYtlTRC7Y9n507IqVV6JIyVLWnITP09MaaR1qMosJ0RNQO96E3F/7x2asJrf8xlkhqUbL4oTAUxMZn+TnpcITNiZAllittbCRtQRZmxCeVtCN7iy8ukUSl7F+XK/WWxepPFkYNjOIESeHAFVbiDGtSBwRCe4RXenMR5cd6dj3nripPNHMEfOJ8/ARGOsg==</latexit>

(hx, 0)
<latexit sha1_base64="VJNvmIvtdoYl1KYzduc1K7ghtkU=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBAiSNiNgh6DXjxGMA9IljA76U2GzM4uM7NiCPkILx4U8er3ePNvnCR70MSChqKqm+6uIBFcG9f9dlZW19Y3NnNb+e2d3b39wsFhQ8epYlhnsYhVK6AaBZdYN9wIbCUKaRQIbAbD26nffESleSwfzChBP6J9yUPOqLFSszToPp27Z91C0S27M5Bl4mWkCBlq3cJXpxezNEJpmKBatz03Mf6YKsOZwEm+k2pMKBvSPrYtlTRC7Y9n507IqVV6JIyVLWnITP09MaaR1qMosJ0RNQO96E3F/7x2asJrf8xlkhqUbL4oTAUxMZn+TnpcITNiZAllittbCRtQRZmxCeVtCN7iy8ukUSl7F+XK/WWxepPFkYNjOIESeHAFVbiDGtSBwRCe4RXenMR5cd6dj3nripPNHMEfOJ8//16OsA==</latexit>

(hx, hz) ⇡ (�1.05, 0.5)
<latexit sha1_base64="EzjI7QGdaQcvJ7RADUKUrndGQhM=">AAACBXicbVDLSsNAFJ34rPUVdamLwSK0UENSLbosunFZwT6gDWEynTRDJw9mJtIaunHjr7hxoYhb/8Gdf+O0zUJbD1w4nHMv997jxowKaZrf2tLyyuraem4jv7m1vbOr7+03RZRwTBo4YhFvu0gQRkPSkFQy0o45QYHLSMsdXE/81j3hgkbhnRzFxA5QP6QexUgqydGPir4zLPvOQ6mL4phHQ1g8tQyzWjaNasnRC6ZhTgEXiZWRAshQd/Svbi/CSUBCiRkSomOZsbRTxCXFjIzz3USQGOEB6pOOoiEKiLDT6RdjeKKUHvQiriqUcKr+nkhRIMQocFVngKQv5r2J+J/XSaR3aac0jBNJQjxb5CUMyghOIoE9ygmWbKQIwpyqWyH2EUdYquDyKgRr/uVF0qwY1plRuT0v1K6yOHLgEByDIrDABaiBG1AHDYDBI3gGr+BNe9JetHftY9a6pGUzB+APtM8fTNqV2w==</latexit>

J =
d� 1

2
<latexit sha1_base64="gUWlAtVR4uGBgvAEUdHvnLIESP4=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEIXixJFfQiFL2Ipwr2A9pQNttNu3SzCbsboYb8Ei8eFPHqT/Hmv3Hb5qCtDwYe780wM8+POVPacb6twsrq2vpGcbO0tb2zW7b39lsqSiShTRLxSHZ8rChngjY105x2Yklx6HPa9sc3U7/9SKVikXjQk5h6IR4KFjCCtZH6dvnuqhdITNLBqZultaxvV5yqMwNaJm5OKpCj0be/eoOIJCEVmnCsVNd1Yu2lWGpGOM1KvUTRGJMxHtKuoQKHVHnp7PAMHRtlgIJImhIazdTfEykOlZqEvukMsR6pRW8q/ud1Ex1ceikTcaKpIPNFQcKRjtA0BTRgkhLNJ4ZgIpm5FZERNjlok1XJhOAuvrxMWrWqe1at3Z9X6td5HEU4hCM4ARcuoA630IAmEEjgGV7hzXqyXqx362PeWrDymQP4A+vzB/3xkqg=</latexit>

d = 3, L = 9

(hx,hz)=(-1.05,0.5)

(hx,hz)=(1,0)
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d = 2, L = 16

(hx,hz)=(-1.05,0.5)

(hx,hz)=(1,0)
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level	staKsKcs	(NNSD):

M(| i)
<latexit sha1_base64="0EvRZHgGSW69y1ri5m7SOr7laCU=">AAAB+HicbVBNS8NAEN34WetHox69LBahXkpSBT0WvXgRKtgPaELZbCft0s0m7G6EGvtLvHhQxKs/xZv/xm2bg7Y+GHi8N8PMvCDhTGnH+bZWVtfWNzYLW8Xtnd29kr1/0FJxKik0acxj2QmIAs4ENDXTHDqJBBIFHNrB6Hrqtx9AKhaLez1OwI/IQLCQUaKN1LNLt5UnL1HMk0QMOJz27LJTdWbAy8TNSRnlaPTsL68f0zQCoSknSnVdJ9F+RqRmlMOk6KUKEkJHZABdQwWJQPnZ7PAJPjFKH4exNCU0nqm/JzISKTWOAtMZET1Ui95U/M/rpjq89DMmklSDoPNFYcqxjvE0BdxnEqjmY0MIlczciumQSEK1yapoQnAXX14mrVrVPavW7s7L9as8jgI6Qseoglx0geroBjVQE1GUomf0it6sR+vFerc+5q0rVj5ziP7A+vwBTv+S3A==</latexit>

M2(| i)
<latexit sha1_base64="b9b9lFrHpqepCdHj/J6eRaurNA4=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16CRahXkpSBT0WvXgRKtgPaELYbCft0s0m7G6UkvanePGgiFd/iTf/jds2B219MPB4b4aZeUHCqFS2/W0U1tY3NreK26Wd3b39A7N82JZxKgi0SMxi0Q2wBEY5tBRVDLqJABwFDDrB6Gbmdx5BSBrzBzVOwIvwgNOQEqy05JvlO79enbiJpK7AfMDgzDcrds2ew1olTk4qKEfTN7/cfkzSCLgiDEvZc+xEeRkWihIG05KbSkgwGeEB9DTlOALpZfPTp9apVvpWGAtdXFlz9fdEhiMpx1GgOyOshnLZm4n/eb1UhVdeRnmSKuBksShMmaVia5aD1acCiGJjTTARVN9qkSEWmCidVkmH4Cy/vEra9ZpzXqvfX1Qa13kcRXSMTlAVOegSNdAtaqIWIugJPaNX9GZMjBfj3fhYtBaMfOYI/YHx+QN9+ZOB</latexit>

| i = e�iHt|↵i (|↵i 2 St)
<latexit sha1_base64="+aNTUSpGLiUhG4rpEHXBpXlpiBM=">AAACKHicbZDPSiNBEMZ7/LcaXc3q0UtjEPSwYUaF9SKKXjwqGhUyMdR0KkmTnp6xu2YhjHkcL76KFxFFvPokduIc3LgfNHz8qorq+qJUSUu+/+ZNTE5Nz/yYnSvNL/xcXCr/Wr6wSWYE1kSiEnMVgUUlNdZIksKr1CDEkcLLqHc0rF/+RWNlos+pn2Ijho6WbSmAHGqW92/D1MrQgO4o3MPr/Lc8psFtCCrtQoHDmwxafGMMSs3PaLNZrvhVfyT+3QSFqbBCJ83yU9hKRBajJqHA2nrgp9TIwZAUCgelMLOYguhBB+vOaojRNvLRoQO+7kiLtxPjniY+ol8ncoit7ceR64yBuna8NoT/q9Uzau82cqnTjFCLz0XtTHFK+DA13pIGBam+MyCMdH/logsGBLlsSy6EYPzk7+ZiqxpsV7dOdyoHh0Ucs2yVrbENFrA/7IAdsxNWY4LdsQf2zF68e+/Re/XePlsnvGJmhf0j7/0Da0GnYA==</latexit>



Stabilizer	Renyi	entropy																		(d=2)
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M2(| i)
<latexit sha1_base64="MED3o+KdaHsH2dTbRHzdBXOwWoM=">AAAB/HicbVBNS8NAEN34WetXtEcvwSLUS0mqoMeiFy9CBfsBTQib7aRdutmE3Y0QYv0rXjwo4tUf4s1/47bNQVsfDDzem2FmXpAwKpVtfxsrq2vrG5ulrfL2zu7evnlw2JFxKgi0Scxi0QuwBEY5tBVVDHqJABwFDLrB+Hrqdx9ASBrze5Ul4EV4yGlICVZa8s3KrZ83JrVHN5HUFZgPGZz6ZtWu2zNYy8QpSBUVaPnmlzuISRoBV4RhKfuOnSgvx0JRwmBSdlMJCSZjPIS+phxHIL18dvzEOtHKwApjoYsra6b+nshxJGUWBbozwmokF72p+J/XT1V46eWUJ6kCTuaLwpRZKramSVgDKoAolmmCiaD6VouMsMBE6bzKOgRn8eVl0mnUnbN64+682rwq4iihI3SMashBF6iJblALtRFBGXpGr+jNeDJejHfjY966YhQzFfQHxucPUE+UjQ==</latexit>
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chaoKc:															increases	monotonically	at	early	Kme,	and	saturates	at	late	Kme	with

integrable	(										):																comes	back	to																even	at	late	Kme.

M2(| i)
<latexit sha1_base64="MED3o+KdaHsH2dTbRHzdBXOwWoM=">AAAB/HicbVBNS8NAEN34WetXtEcvwSLUS0mqoMeiFy9CBfsBTQib7aRdutmE3Y0QYv0rXjwo4tUf4s1/47bNQVsfDDzem2FmXpAwKpVtfxsrq2vrG5ulrfL2zu7evnlw2JFxKgi0Scxi0QuwBEY5tBVVDHqJABwFDLrB+Hrqdx9ASBrze5Ul4EV4yGlICVZa8s3KrZ83JrVHN5HUFZgPGZz6ZtWu2zNYy8QpSBUVaPnmlzuISRoBV4RhKfuOnSgvx0JRwmBSdlMJCSZjPIS+phxHIL18dvzEOtHKwApjoYsra6b+nshxJGUWBbozwmokF72p+J/XT1V46eWUJ6kCTuaLwpRZKramSVgDKoAolmmCiaD6VouMsMBE6bzKOgRn8eVl0mnUnbN64+682rwq4iihI3SMashBF6iJblALtRFBGXpGr+jNeDJejHfjY966YhQzFfQHxucPUE+UjQ==</latexit>

| i = e�iHt|↵i, |↵i = |x = �1i ⌦ |x = 1i⌦(L�2) ⌦ |x = �1i 2 St
<latexit sha1_base64="/IrSO1qfpEI/u/EaS6ZZHVDb/eg="></latexit>

M2(| i) ⇡ MHaar = log
h2L + 3

4

i

<latexit sha1_base64="e8QDnGmDicV4QP7ulOmJ0FSKE1U="></latexit>

M2 ⇡ 0
<latexit sha1_base64="uCRr5W/p/Fq2RTIk7fqnsQd9mCc=">AAAB83icbVBNSwMxEJ31s9avqkcvwSJ4KrtV0GPRixehgv2A7lKyabYNzSYhyYql9G948aCIV/+MN/+NabsHbX0w8Hhvhpl5seLMWN//9lZW19Y3Ngtbxe2d3b390sFh08hME9ogkkvdjrGhnAnasMxy2laa4jTmtBUPb6Z+65Fqw6R4sCNFoxT3BUsYwdZJ4V23GmKltHxCfrdU9iv+DGiZBDkpQ456t/QV9iTJUios4diYTuArG42xtoxwOimGmaEKkyHu046jAqfUROPZzRN06pQeSqR2JSyaqb8nxjg1ZpTGrjPFdmAWvan4n9fJbHIVjZlQmaWCzBclGUdWomkAqMc0JZaPHMFEM3crIgOsMbEupqILIVh8eZk0q5XgvFK9vyjXrvM4CnAMJ3AGAVxCDW6hDg0goOAZXuHNy7wX7937mLeuePnMEfyB9/kDJiyRGg==</latexit>

hx = 0
<latexit sha1_base64="vSZtl8IoxChQ8oHXu6Ijd232cwE=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9CIUvXisYD+gDWWz3bRLN5uwOxFL6G/w4kERr/4gb/4bt20O2vpg4PHeDDPzgkQKg6777aysrq1vbBa2its7u3v7pYPDpolTzXiDxTLW7YAaLoXiDRQoeTvRnEaB5K1gdDv1W49cGxGrBxwn3I/oQIlQMIpWagx7T9dur1R2K+4MZJl4OSlDjnqv9NXtxyyNuEImqTEdz03Qz6hGwSSfFLup4QllIzrgHUsVjbjxs9mxE3JqlT4JY21LIZmpvycyGhkzjgLbGVEcmkVvKv7ndVIMr/xMqCRFrth8UZhKgjGZfk76QnOGcmwJZVrYWwkbUk0Z2nyKNgRv8eVl0qxWvPNK9f6iXLvJ4yjAMZzAGXhwCTW4gzo0gIGAZ3iFN0c5L8678zFvXXHymSP4A+fzB1IKjlw=</latexit>

hz = 0
<latexit sha1_base64="/eXIXZ0G5FshqKsSYEPQiEqLk4E=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9CIUvXisYNpCG8pmu2mXbjZhdyLU0t/gxYMiXv1B3vw3btsctPXBwOO9GWbmhakUBl3321lZXVvf2CxsFbd3dvf2SweHDZNkmnGfJTLRrZAaLoXiPgqUvJVqTuNQ8mY4vJ36zUeujUjUA45SHsS0r0QkGEUr+YPu07XbLZXdijsDWSZeTsqQo94tfXV6CctirpBJakzbc1MMxlSjYJJPip3M8JSyIe3ztqWKxtwE49mxE3JqlR6JEm1LIZmpvyfGNDZmFIe2M6Y4MIveVPzPa2cYXQVjodIMuWLzRVEmCSZk+jnpCc0ZypEllGlhbyVsQDVlaPMp2hC8xZeXSaNa8c4r1fuLcu0mj6MAx3ACZ+DBJdTgDurgAwMBz/AKb45yXpx352PeuuLkM0fwB87nD1UWjl4=</latexit>

M2(| i)
<latexit sha1_base64="MED3o+KdaHsH2dTbRHzdBXOwWoM=">AAAB/HicbVBNS8NAEN34WetXtEcvwSLUS0mqoMeiFy9CBfsBTQib7aRdutmE3Y0QYv0rXjwo4tUf4s1/47bNQVsfDDzem2FmXpAwKpVtfxsrq2vrG5ulrfL2zu7evnlw2JFxKgi0Scxi0QuwBEY5tBVVDHqJABwFDLrB+Hrqdx9ASBrze5Ul4EV4yGlICVZa8s3KrZ83JrVHN5HUFZgPGZz6ZtWu2zNYy8QpSBUVaPnmlzuISRoBV4RhKfuOnSgvx0JRwmBSdlMJCSZjPIS+phxHIL18dvzEOtHKwApjoYsra6b+nshxJGUWBbozwmokF72p+J/XT1V46eWUJ6kCTuaLwpRZKramSVgDKoAolmmCiaD6VouMsMBE6bzKOgRn8eVl0mnUnbN64+682rwq4iihI3SMashBF6iJblALtRFBGXpGr+jNeDJejHfjY966YhQzFfQHxucPUE+UjQ==</latexit>

integrable	(										):		larger	oscillaKon,	smaller	late	Kme	value
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in	large	L	limit

Es7ma7on	of	satura7on	7me	-	1

②																							grows	linearly	in	t	at	early	Kme

③	growth	rate												can	be	fit	well	with	
								polynomial	of	L,	rather	than

①									saturates	at	late	Kme	with

In	order	to	capture	BH	interior	beier	than	entanglement,	
																													should	not	saturate	at																															.

a(L)
<latexit sha1_base64="MPO+x+GQNS4jf0NXmkSzKRZGhpk=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoMQm3AXBS2DNhYWEcwHJEfY2+wlS3b3jt09IRz5CzYWitj6h+z8N+4lV2jig4HHezPMzAtizrRx3W+nsLa+sblV3C7t7O7tH5QPj9o6ShShLRLxSHUDrClnkrYMM5x2Y0WxCDjtBJPbzO88UaVZJB/NNKa+wCPJQkawySRcvT8flCtuzZ0DrRIvJxXI0RyUv/rDiCSCSkM41rrnubHxU6wMI5zOSv1E0xiTCR7RnqUSC6r9dH7rDJ1ZZYjCSNmSBs3V3xMpFlpPRWA7BTZjvexl4n9eLzHhtZ8yGSeGSrJYFCYcmQhlj6MhU5QYPrUEE8XsrYiMscLE2HhKNgRv+eVV0q7XvIta/eGy0rjJ4yjCCZxCFTy4ggbcQRNaQGAMz/AKb45wXpx352PRWnDymWP4A+fzByMujaQ=</latexit>

e�L
<latexit sha1_base64="YtdsudHawwddsnb2efyDphPCRcI=">AAAB9XicbVA9SwNBEJ3zM8avqKXNYhCswl0UtAzaWFhEMB+QXMLeZpIs2ds7dveUcOR/2FgoYut/sfPfuEmu0MQHA4/3ZpiZF8SCa+O6387K6tr6xmZuK7+9s7u3Xzg4rOsoUQxrLBKRagZUo+ASa4Ybgc1YIQ0DgY1gdDP1G4+oNI/kgxnH6Id0IHmfM2qs1MFO2g74gHHFyN2kWyi6JXcGsky8jBQhQ7Vb+Gr3IpaEKA0TVOuW58bGT6kynAmc5NuJxpiyER1gy1JJQ9R+Ort6Qk6t0iP9SNmShszU3xMpDbUeh4HtDKkZ6kVvKv7ntRLTv/JTLuPEoGTzRf1EEBORaQSkxxUyI8aWUKa4vZWwIVWUGRtU3obgLb68TOrlkndeKt9fFCvXWRw5OIYTOAMPLqECt1CFGjBQ8Ayv8OY8OS/Ou/Mxb11xspkj+APn8wdMlpJg</latexit>

ObservaKons:

M2(e
�iHt|↵i)

<latexit sha1_base64="qltwOT1zApKC5TRWn62B6L7BSgs=">AAACBHicbVA9SwNBEN3zM8avU8s0h0GIheEuCloGbdIIEcwHJDHMbSbJkr29Y3dPCGcKG/+KjYUitv4IO/+Nm49CEx8MPN6bYWaeH3GmtOt+W0vLK6tr66mN9ObW9s6uvbdfVWEsKVZoyENZ90EhZwIrmmmO9UgiBD7Hmj+4Gvu1e5SKheJWDyNsBdATrMsoaCO17cx1u5DDu+SElfTooQk86kNTguhxPG7bWTfvTuAsEm9GsmSGctv+anZCGgcoNOWgVMNzI91KQGpGOY7SzVhhBHQAPWwYKiBA1UomT4ycI6N0nG4oTQntTNTfEwkESg0D33QGoPtq3huL/3mNWHcvWgkTUaxR0OmibswdHTrjRJwOk0g1HxoCVDJzq0P7IIFqk1vahODNv7xIqoW8d5ov3Jxli5ezOFIkQw5JjnjknBRJiZRJhVDySJ7JK3mznqwX6936mLYuWbOZA/IH1ucP+EOXrA==</latexit>

tthermalize ⇠ L
<latexit sha1_base64="BjJ3X/HLS2Oar+eS16CXe1/fg0g=">AAAB/XicbVDJSgNBEO2JW4zbuNy8NAbBU5iJgh6DXjx4iGAWSELo6VSSJt0zQ3eNkAzBX/HiQRGv/oc3/8bOctDEBwWP96qoqhfEUhj0vG8ns7K6tr6R3cxtbe/s7rn7B1UTJZpDhUcy0vWAGZAihAoKlFCPNTAVSKgFg5uJX3sEbUQUPuAwhpZivVB0BWdopbZ7hO0U+6AVk2IE46YRit613bxX8Kagy8SfkzyZo9x2v5qdiCcKQuSSGdPwvRhbKdMouIRxrpkYiBkfsB40LA2ZAtNKp9eP6alVOrQbaVsh0qn6eyJlypihCmynYtg3i95E/M9rJNi9aqUijBOEkM8WdRNJMaKTKGhHaOAoh5YwroW9lfI+04yjDSxnQ/AXX14m1WLBPy8U7y/ypet5HFlyTE7IGfHJJSmRW1ImFcLJiDyTV/LmPDkvzrvzMWvNOPOZQ/IHzucP83mViA==</latexit>

M2
<latexit sha1_base64="ATh0FHTuijxEMQZ6dL/5bcoITc4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fj04kWoaD+gDWWz3bRLN5uwOxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkQKg6777aysrq1vbBa2its7u3v7pYPDpolTzXiDxTLW7YAaLoXiDRQoeTvRnEaB5K1gdDP1W09cGxGrRxwn3I/oQIlQMIpWerjrVXulsltxZyDLxMtJGXLUe6Wvbj9macQVMkmN6Xhugn5GNQom+aTYTQ1PKBvRAe9YqmjEjZ/NTp2QU6v0SRhrWwrJTP09kdHImHEU2M6I4tAselPxP6+TYnjlZ0IlKXLF5ovCVBKMyfRv0heaM5RjSyjTwt5K2JBqytCmU7QheIsvL5NmteKdV6r3F+XadR5HAY7hBM7Ag0uowS3UoQEMBvAMr/DmSOfFeXc+5q0rTj5zBH/gfP4AzPGNeg==</latexit>

M2 ⇠ L
<latexit sha1_base64="+XdEQ3t3enM0taVme2xXDys/pjg=">AAAB8HicbVBNSwMxEJ2tX7V+rXr0EiyCp7JbBT0WvXhQqGA/pF1KNs22oUl2SbJCWforvHhQxKs/x5v/xrTdg7Y+GHi8N8PMvDDhTBvP+3YKK6tr6xvFzdLW9s7unrt/0NRxqghtkJjHqh1iTTmTtGGY4bSdKIpFyGkrHF1P/dYTVZrF8sGMExoIPJAsYgQbKz3e9apdzQS67bllr+LNgJaJn5My5Kj33K9uPyapoNIQjrXu+F5iggwrwwink1I31TTBZIQHtGOpxILqIJsdPEEnVumjKFa2pEEz9fdEhoXWYxHaToHNUC96U/E/r5Oa6DLImExSQyWZL4pSjkyMpt+jPlOUGD62BBPF7K2IDLHCxNiMSjYEf/HlZdKsVvyzSvX+vFy7yuMowhEcwyn4cAE1uIE6NICAgGd4hTdHOS/Ou/Mxby04+cwh/IHz+QPXgI/H</latexit>

p
eM2 � 1

<latexit sha1_base64="UNeWM3UKjr9adU5gOapZfr0+1vI=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBbBiyWpgh6LXrwIFewHtDFsttt26WYTdyeFEvJPvHhQxKv/xJv/xm2bg7Y+GHi8N8PMvCAWXIPjfFuFldW19Y3iZmlre2d3z94/aOooUZQ1aCQi1Q6IZoJL1gAOgrVjxUgYCNYKRjdTvzVmSvNIPsAkZl5IBpL3OSVgJN+2u/pJQcoe0zu/mp25mW+XnYozA14mbk7KKEfdt7+6vYgmIZNABdG64zoxeClRwKlgWambaBYTOiID1jFUkpBpL51dnuETo/RwP1KmJOCZ+nsiJaHWkzAwnSGBoV70puJ/XieB/pWXchknwCSdL+onAkOEpzHgHleMgpgYQqji5lZMh0QRCiaskgnBXXx5mTSrFfe8Ur2/KNeu8ziK6Agdo1PkoktUQ7eojhqIojF6Rq/ozUqtF+vd+pi3Fqx85hD9gfX5Az0Lk2Q=</latexit>
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tsaturation ⇠
p
eM2(late time mean) � 1

a(L)
⇠ 2L/2

L
� L�

<latexit sha1_base64="A/HTSVX0qLxkeRVfEnZqjbMq2Qk="></latexit>



19/25

Es7ma7on	of	satura7on	7me	-	2

-	Time	evoluKon	of																																						slow	down	before	saturaKon
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p
eM2(e�iHt|↵i) � 1

<latexit sha1_base64="u8HFlI3/r/d42duxl+BWnuc7ub0=">AAACEXicbVA9SwNBEN3z2/gVtbQ5DEIsDHdR0DJoYyMoGBVyMcxtJsni3t65OyeE8/6CjX/FxkIRWzs7/42bmMKvB8M83pthd16YSGHI8z6csfGJyanpmdnC3PzC4lJxeeXMxKnmWOexjPVFCAalUFgnQRIvEo0QhRLPw6uDgX9+g9qIWJ1SP8FmBF0lOoIDWalVLAfmWlOGl9lRq1q2bUscUn4bgEx6EGhQXYmb+Zaft4olr+IN4f4l/oiU2AjHreJ70I55GqEiLsGYhu8l1MxAk+AS80KQGkyAX0EXG5YqiNA0s+FFubthlbbbibUtRe5Q/b6RQWRMPwrtZATUM7+9gfif10ips9fMhEpSQsW/Huqk0qXYHcTjtoVGTrJvCXAt7F9d3gMNnGyIBRuC//vkv+SsWvG3K9WTnVJtfxTHDFtj66zMfLbLauyQHbM64+yOPbAn9uzcO4/Oi/P6NTrmjHZW2Q84b591uJ1l</latexit>

tsaturation ⇠
p
eM2(late time max) � 1

a(L)
<

<latexit sha1_base64="TfRDgZZGOHRKgu7mHofmTUl1QDA="></latexit>

actual	saturaKon	Kme?

-		Defining										as	the	Kme	when																						reaches	the	late	Kme	mean	value,	we	
					again	observe																													.

p
eM2 � 1

<latexit sha1_base64="UNeWM3UKjr9adU5gOapZfr0+1vI=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBbBiyWpgh6LXrwIFewHtDFsttt26WYTdyeFEvJPvHhQxKv/xJv/xm2bg7Y+GHi8N8PMvCAWXIPjfFuFldW19Y3iZmlre2d3z94/aOooUZQ1aCQi1Q6IZoJL1gAOgrVjxUgYCNYKRjdTvzVmSvNIPsAkZl5IBpL3OSVgJN+2u/pJQcoe0zu/mp25mW+XnYozA14mbk7KKEfdt7+6vYgmIZNABdG64zoxeClRwKlgWambaBYTOiID1jFUkpBpL51dnuETo/RwP1KmJOCZ+nsiJaHWkzAwnSGBoV70puJ/XieB/pWXchknwCSdL+onAkOEpzHgHleMgpgYQqji5lZMh0QRCiaskgnBXXx5mTSrFfe8Ur2/KNeu8ziK6Agdo1PkoktUQ7eojhqIojF6Rq/ozUqtF+vd+pi3Fqx85hD9gfX5Az0Lk2Q=</latexit>

t0sat(L) ⇠ e�L
<latexit sha1_base64="Uzlc9//DHTztV+G9eB2DpV4fCj8=">AAACB3icbVC7SgNBFJ2Nrxhfq5aCDAYxNmE3CloGbSxSRDAPyMZldjKbDJl9MHNXCMt2Nv6KjYUitv6CnX/j5FFo4oELh3Pu5d57vFhwBZb1beSWlldW1/LrhY3Nre0dc3evqaJEUtagkYhk2yOKCR6yBnAQrB1LRgJPsJY3vB77rQcmFY/COxjFrBuQfsh9TgloyTUPwU0VgeykVDt1FA8wu08dj/cplxTXMtcsWmVrArxI7Bkpohnqrvnl9CKaBCwEKohSHduKoZsSCZwKlhWcRLGY0CHps46mIQmY6qaTPzJ8rJUe9iOpKwQ8UX9PpCRQahR4ujMgMFDz3lj8z+sk4F92Ux7GCbCQThf5icAQ4XEouMcloyBGmhAqub4V0wGRhIKOrqBDsOdfXiTNStk+K1duz4vVq1kceXSAjlAJ2egCVdENqqMGougRPaNX9GY8GS/Gu/Exbc0Zs5l99AfG5w8UPpjN</latexit>

t0sat
<latexit sha1_base64="x0qVz0uJDq6FlcQNNDvi16PYh9M=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ6KkkV9Fj04rGC/YA2lM120y7dbOLuRCihf8KLB0W8+ne8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LR7dRvPXFtRKwecJxwP6IDJULBKFqpjb3MUJyc9Uplt+LOQJaJl5My5Kj3Sl/dfszSiCtkkhrT8dwE/YxqFEzySbGbGp5QNqID3rFU0YgbP5vdOyGnVumTMNa2FJKZ+nsio5Ex4yiwnRHFoVn0puJ/XifF8NrPhEpS5IrNF4WpJBiT6fOkLzRnKMeWUKaFvZWwIdWUoY2oaEPwFl9eJs1qxbuoVO8vy7WbPI4CHMMJnIMHV1CDO6hDAxhIeIZXeHMenRfn3fmYt644+cwR/IHz+QMkcJAI</latexit>

t0sat
<latexit sha1_base64="x0qVz0uJDq6FlcQNNDvi16PYh9M=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ6KkkV9Fj04rGC/YA2lM120y7dbOLuRCihf8KLB0W8+ne8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LR7dRvPXFtRKwecJxwP6IDJULBKFqpjb3MUJyc9Uplt+LOQJaJl5My5Kj3Sl/dfszSiCtkkhrT8dwE/YxqFEzySbGbGp5QNqID3rFU0YgbP5vdOyGnVumTMNa2FJKZ+nsio5Ex4yiwnRHFoVn0puJ/XifF8NrPhEpS5IrNF4WpJBiT6fOkLzRnKMeWUKaFvZWwIdWUoY2oaEPwFl9eJs1qxbuoVO8vy7WbPI4CHMMJnIMHV1CDO6hDAxhIeIZXeHMenRfn3fmYt644+cwR/IHz+QMkcJAI</latexit>

-											is	dominated	by	the	"slow"	regime	(significant	only	for	L	≥	5).
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Tomoki	Nosaka,		Towards	BH	interior	by	Magic	of	Chaos				--				4.	Growth	of	Magic	in	chaoKc	Ising	model

saturaKon	Kme
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chaoKc:															increases	monotonically	at	early	Kme,	and	saturates	at	late	Kme	with

[Goto,TN,Nozaki,2112.14593]

integrable:														comes	back	to															even	at	late	Kme.
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M(| i)
<latexit sha1_base64="0EvRZHgGSW69y1ri5m7SOr7laCU=">AAAB+HicbVBNS8NAEN34WetHox69LBahXkpSBT0WvXgRKtgPaELZbCft0s0m7G6EGvtLvHhQxKs/xZv/xm2bg7Y+GHi8N8PMvCDhTGnH+bZWVtfWNzYLW8Xtnd29kr1/0FJxKik0acxj2QmIAs4ENDXTHDqJBBIFHNrB6Hrqtx9AKhaLez1OwI/IQLCQUaKN1LNLt5UnL1HMk0QMOJz27LJTdWbAy8TNSRnlaPTsL68f0zQCoSknSnVdJ9F+RqRmlMOk6KUKEkJHZABdQwWJQPnZ7PAJPjFKH4exNCU0nqm/JzISKTWOAtMZET1Ui95U/M/rpjq89DMmklSDoPNFYcqxjvE0BdxnEqjmY0MIlczciumQSEK1yapoQnAXX14mrVrVPavW7s7L9as8jgI6Qseoglx0geroBjVQE1GUomf0it6sR+vFerc+5q0rVj5ziP7A+vwBTv+S3A==</latexit>

| i = e�iHt|↵i, |↵i = |x = �1i ⌦ |x = 1i⌦(L�2) ⌦ |x = �1i 2 St
<latexit sha1_base64="/IrSO1qfpEI/u/EaS6ZZHVDb/eg="></latexit>

M(| i)
<latexit sha1_base64="0EvRZHgGSW69y1ri5m7SOr7laCU=">AAAB+HicbVBNS8NAEN34WetHox69LBahXkpSBT0WvXgRKtgPaELZbCft0s0m7G6EGvtLvHhQxKs/xZv/xm2bg7Y+GHi8N8PMvCDhTGnH+bZWVtfWNzYLW8Xtnd29kr1/0FJxKik0acxj2QmIAs4ENDXTHDqJBBIFHNrB6Hrqtx9AKhaLez1OwI/IQLCQUaKN1LNLt5UnL1HMk0QMOJz27LJTdWbAy8TNSRnlaPTsL68f0zQCoSknSnVdJ9F+RqRmlMOk6KUKEkJHZABdQwWJQPnZ7PAJPjFKH4exNCU0nqm/JzISKTWOAtMZET1Ui95U/M/rpjq89DMmklSDoPNFYcqxjvE0BdxnEqjmY0MIlczciumQSEK1yapoQnAXX14mrVrVPavW7s7L9as8jgI6Qseoglx0geroBjVQE1GUomf0it6sR+vFerc+5q0rVj5ziP7A+vwBTv+S3A==</latexit>

M(| i) ⇡ L⇥ log
5

3
<latexit sha1_base64="pvmDnmS/utl19QwBZdrtJ8ShkIM=">AAACF3icbVDLSgMxFM34rPU16tJNsAh1U2ZaRZdFNy4UKtgHdErJpJk2NJOEJCOWsX/hxl9x40IRt7rzb0wfC209cOFwzr3ce08oGdXG876dhcWl5ZXVzFp2fWNza9vd2a1pkShMqlgwoRoh0oRRTqqGGkYaUhEUh4zUw/7FyK/fEaWp4LdmIEkrRl1OI4qRsVLbLVznHwKpaaAQ7zJyFCAplbiHV4GhMdEwYKIbRArh9GSYloZtN+cVvDHgPPGnJAemqLTdr6AjcBITbjBDWjd9T5pWipShmJFhNkg0kQj3UZc0LeXILm2l47+G8NAqHRgJZYsbOFZ/T6Qo1noQh7YzRqanZ72R+J/XTEx01kopl4khHE8WRQmDRsBRSLBDFcGGDSxBWFF7K8Q9ZFMwNsqsDcGffXme1IoFv1Qo3hznyufTODJgHxyAPPDBKSiDS1ABVYDBI3gGr+DNeXJenHfnY9K64Exn9sAfOJ8/R0CgAA==</latexit>

M(| i)
<latexit sha1_base64="0EvRZHgGSW69y1ri5m7SOr7laCU=">AAAB+HicbVBNS8NAEN34WetHox69LBahXkpSBT0WvXgRKtgPaELZbCft0s0m7G6EGvtLvHhQxKs/xZv/xm2bg7Y+GHi8N8PMvCDhTGnH+bZWVtfWNzYLW8Xtnd29kr1/0FJxKik0acxj2QmIAs4ENDXTHDqJBBIFHNrB6Hrqtx9AKhaLez1OwI/IQLCQUaKN1LNLt5UnL1HMk0QMOJz27LJTdWbAy8TNSRnlaPTsL68f0zQCoSknSnVdJ9F+RqRmlMOk6KUKEkJHZABdQwWJQPnZ7PAJPjFKH4exNCU0nqm/JzISKTWOAtMZET1Ui95U/M/rpjq89DMmklSDoPNFYcqxjvE0BdxnEqjmY0MIlczciumQSEK1yapoQnAXX14mrVrVPavW7s7L9as8jgI6Qseoglx0geroBjVQE1GUomf0it6sR+vFerc+5q0rVj5ziP7A+vwBTv+S3A==</latexit>

M ⇡ 0
<latexit sha1_base64="WddUupp3V6b6z0Gd/1zWe5zvbMM=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRbBU9mtgh6LXrwIFewHtkvJpmkbmk1CkhXL0n/hxYMiXv033vw3pu0etPXBwOO9GWbmRYozY33/28utrK6tb+Q3C1vbO7t7xf2DhpGJJrROJJe6FWFDORO0bpnltKU0xXHEaTMaXU/95iPVhklxb8eKhjEeCNZnBFsnPdx2sFJaPiG/Wyz5ZX8GtEyCjJQgQ61b/Or0JEliKizh2Jh24CsbplhbRjidFDqJoQqTER7QtqMCx9SE6eziCTpxSg/1pXYlLJqpvydSHBszjiPXGWM7NIveVPzPaye2fxmmTKjEUkHmi/oJR1ai6fuoxzQllo8dwUQzdysiQ6wxsS6kggshWHx5mTQq5eCsXLk7L1WvsjjycATHcAoBXEAVbqAGdSAg4Ble4c0z3ov37n3MW3NeNnMIf+B9/gD6SpB1</latexit>

upper	bound	for	single	site

〰〰



Es7ma7ons	of	satura7on	7me	(Mana)
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[Goto,TN,Nozaki,2112.14593]

Tomoki	Nosaka,		Towards	BH	interior	by	Magic	of	Chaos				--				4.	Growth	of	Magic	in	chaoKc	Ising	model
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ExtrapolaKon	of	early	Kme	linear	growth t0sat
<latexit sha1_base64="x0qVz0uJDq6FlcQNNDvi16PYh9M=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ6KkkV9Fj04rGC/YA2lM120y7dbOLuRCihf8KLB0W8+ne8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LR7dRvPXFtRKwecJxwP6IDJULBKFqpjb3MUJyc9Uplt+LOQJaJl5My5Kj3Sl/dfszSiCtkkhrT8dwE/YxqFEzySbGbGp5QNqID3rFU0YgbP5vdOyGnVumTMNa2FJKZ+nsio5Ex4yiwnRHFoVn0puJ/XifF8NrPhEpS5IrNF4WpJBiT6fOkLzRnKMeWUKaFvZWwIdWUoY2oaEPwFl9eJs1qxbuoVO8vy7WbPI4CHMMJnIMHV1CDO6hDAxhIeIZXeHMenRfn3fmYt644+cwR/IHz+QMkcJAI</latexit>

such	that M(e�it
0
satH |↵i) = mean

t>100
[M ]

<latexit sha1_base64="lRKXB25boMwgLLMA1wUSpqCRPEw="></latexit>
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(dashed	line:	fizng	with	a(L)t)

tsaturation =
eM(late time) � 1

a(L)
⇠ (5/3)L

L2
� L�

<latexit sha1_base64="fCO41S2w3Iq3JNO2ckRo3RnWRbo="></latexit>

saturaKon	Kme
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23/25Tomoki	Nosaka,		Towards	BH	interior	by	Magic	of	Chaos				--				5.	Summary

-		SaturaKon	Kme	of																									grows	exponenKally	in	L,	which	becomes	larger	
					than																										in	the	large	L	limit.

Magic	monotones	might	capture	some	informaKon	of	BH	interior	which	
entanglement	does	not.

To	capture	BH	interior	by	AdS/CFT,	entanglement	is	not	enough	since	it	saturates	too	
				fast.	We	need	to	see	more	refined	property	of	states	like	computaKonal	complexity.

Magic:	different	kind	of	complexity	which	counts	only	"difficult"	gates	from	viewpoint	
					of	classical	simulaKon.

-	Magic	monotone						(stabilizer	Renyi	entropy								/Mana							)	approaches	its	
					Haar	random	value	at	late	Kme	only	when	H	is	chaoKc.

M
<latexit sha1_base64="8+jIyEg/EtMGV1AciCa3xupclTc=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fj04kWoYD+gDWWy3bRLN5u4uxFK6J/w4kERr/4db/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nirIGjUWs2gFqJrhkDcONYO1EMYwCwVrB6Gbqt56Y0jyWD2acMD/CgeQhp2is1M66FAW5m/RKZbfizkCWiZeTMuSo90pf3X5M04hJQwVq3fHcxPgZKsOpYJNiN9UsQTrCAetYKjFi2s9m907IqVX6JIyVLWnITP09kWGk9TgKbGeEZqgXvan4n9dJTXjlZ1wmqWGSzheFqSAmJtPnSZ8rRo0YW4JUcXsroUNUSI2NqGhD8BZfXibNasU7r1TvL8q16zyOAhzDCZyBB5dQg1uoQwMoCHiGV3hzHp0X5935mLeuOPnMEfyB8/kDtGWPvw==</latexit>

M2
<latexit sha1_base64="ATh0FHTuijxEMQZ6dL/5bcoITc4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fj04kWoaD+gDWWz3bRLN5uwOxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkQKg6777aysrq1vbBa2its7u3v7pYPDpolTzXiDxTLW7YAaLoXiDRQoeTvRnEaB5K1gdDP1W09cGxGrRxwn3I/oQIlQMIpWerjrVXulsltxZyDLxMtJGXLUe6Wvbj9macQVMkmN6Xhugn5GNQom+aTYTQ1PKBvRAe9YqmjEjZ/NTp2QU6v0SRhrWwrJTP09kdHImHEU2M6I4tAselPxP6+TYnjlZ0IlKXLF5ovCVBKMyfRv0heaM5RjSyjTwt5K2JBqytCmU7QheIsvL5NmteKdV6r3F+XadR5HAY7hBM7Ag0uowS3UoQEMBvAMr/DmSOfFeXc+5q0rTj5zBH/gfP4AzPGNeg==</latexit>

M
<latexit sha1_base64="LYKb6VVKloxBSLpM78v6ttRQbOI=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexGQY9BL16EBMwDkiXMTnqTMbOzy8ysEEK+wIsHRbz6Sd78GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDvzW0+oNI/lgxkn6Ed0IHnIGTVWqt/3iiW37M5BVomXkRJkqPWKX91+zNIIpWGCat3x3MT4E6oMZwKnhW6qMaFsRAfYsVTSCLU/mR86JWdW6ZMwVrakIXP198SERlqPo8B2RtQM9bI3E//zOqkJr/0Jl0lqULLFojAVxMRk9jXpc4XMiLEllClubyVsSBVlxmZTsCF4yy+vkmal7F2UK/XLUvUmiyMPJ3AK5+DBFVThDmrQAAYIz/AKb86j8+K8Ox+L1pyTzRzDHzifP6ZbjNU=</latexit>

Numerical	results	for	the	chaoKc	spin	chain	(2	≤	L	≤	7	sites)	suggest:

tthermalize ⇠ L
<latexit sha1_base64="wLKhFl0H65k2IbhIALRx/sn09eE=">AAACBHicbVA9SwNBEN3zM8avqGWaxSBYhbsoaBm0sbCIYD4gCWFvM0mW7N4du3NiPK6w8a/YWChi64+w89+4+Sg08cHA470ZZub5kRQGXffbWVpeWV1bz2xkN7e2d3Zze/s1E8aaQ5WHMtQNnxmQIoAqCpTQiDQw5Uuo+8PLsV+/A21EGNziKIK2Yv1A9ARnaKVOLo+dpIVwjwkOQCsmxQOkacsIRa87uYJbdCegi8SbkQKZodLJfbW6IY8VBMglM6bpuRG2E6ZRcAlpthUbiBgfsj40LQ2YAtNOJk+k9MgqXdoLta0A6UT9PZEwZcxI+bZTMRyYeW8s/uc1Y+ydtxMRRDFCwKeLerGkGNJxIrQrNHCUI0sY18LeSvmAacbR5pa1IXjzLy+SWqnonRRLN6eF8sUsjgzJk0NyTDxyRsrkilRIlXDySJ7JK3lznpwX5935mLYuObOZA/IHzucP7+mY5w==</latexit>

M(e�iHt|↵i)
<latexit sha1_base64="60Lnnr+pjGMB7P3geqX4hgRMYVo=">AAACCXicbVA9SwNBEN3zM8avqKXNYhC0MNypoKVok0aIYBIhd4a5zSRZ3Ns7dveEcF5r41+xsVDE1n9g579x81H49WDg8d4MM/PCRHBtXPfTmZqemZ2bLywUF5eWV1ZLa+sNHaeKYZ3FIlZXIWgUXGLdcCPwKlEIUSiwGd6cDf3mLSrNY3lpBgkGEfQk73IGxkrtEs18BoKe5zt4ne3xqsnvfBBJH3wFsidwt10quxV3BPqXeBNSJhPU2qUPvxOzNEJpmACtW56bmCADZTgTmBf9VGMC7AZ62LJUQoQ6yEaf5HTbKh3ajZUtaehI/T6RQaT1IAptZwSmr397Q/E/r5Wa7nGQcZmkBiUbL+qmgpqYDmOhHa6QGTGwBJji9lbK+qCAGRte0Ybg/X75L2nsV7yDyv7FYfnkdBJHgWySLbJDPHJETkiV1EidMHJPHskzeXEenCfn1Xkbt045k5kN8gPO+xcTGZnx</latexit>



Further	direc7ons
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-		What	would	be	the	gravity	dual	of	magic?

-		Other	magic	monotones	/	other	models	(e.g.	SYK	model	and	its	variants)

-		Field	theory	generalizaKon	of	magic?

-		RelaKon	to	other	chaos/complexity	measures

-	We	need	to	increase	system	size	L	to	confirm	the	structure	of	Kme	dependence.

Tomoki	Nosaka,		Towards	BH	interior	by	Magic	of	Chaos				--				5.	Summary

eM � 1,
p

eM2 � 1
<latexit sha1_base64="iS0/OYA3PU3kHB0LhLuoI7VmS+E=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXGhJqqDLohs3QgX7gDaGyfS2HTp5ODMRSogbf8WNC0Xc+hfu/BsnbRZaPTBw7jn3cuceL+JMKsv6Mgpz8wuLS8Xl0srq2vqGubnVlGEsKDRoyEPR9ogEzgJoKKY4tCMBxPc4tLzRRea37kFIFgY3ahyB45NBwPqMEqUl19yB2+QqPbIPu/JOqCSr3KquU9csWxVrAvyX2Dkpoxx11/zs9kIa+xAoyomUHduKlJMQoRjlkJa6sYSI0BEZQEfTgPggnWRyQYr3tdLD/VDoFyg8UX9OJMSXcux7utMnaihnvUz8z+vEqn/mJCyIYgUBnS7qxxyrEGdx4B4TQBUfa0KoYPqvmA6JIFTp0Eo6BHv25L+kWa3Yx5Xq9Um5dp7HUUS7aA8dIBudohq6RHXUQBQ9oCf0gl6NR+PZeDPep60FI5/ZRr9gfHwDf5KWRg==</latexit>

t
<latexit sha1_base64="btWuKJH9/rrCxCKL5tGKBdwWU5A=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsN+3azSbsToQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IJHCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNnGqGW+xWMa6E1DDpVC8hQIl7ySa0yiQ/CEY3878hyeujYjVPU4S7kd0qEQoGEUrNbFfrrhVdw6ySrycVCBHo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKupYpG3PjZ/NApObPKgISxtqWQzNXfExmNjJlEge2MKI7MsjcT//O6KYbXfiZUkiJXbLEoTCXBmMy+JgOhOUM5sYQyLeythI2opgxtNiUbgrf88ipp16reRbXWvKzUb/I4inACp3AOHlxBHe6gAS1gwOEZXuHNeXRenHfnY9FacPKZY/gD5/MH4XeM/A==</latexit>

t
<latexit sha1_base64="btWuKJH9/rrCxCKL5tGKBdwWU5A=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsN+3azSbsToQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IJHCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNnGqGW+xWMa6E1DDpVC8hQIl7ySa0yiQ/CEY3878hyeujYjVPU4S7kd0qEQoGEUrNbFfrrhVdw6ySrycVCBHo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKupYpG3PjZ/NApObPKgISxtqWQzNXfExmNjJlEge2MKI7MsjcT//O6KYbXfiZUkiJXbLEoTCXBmMy+JgOhOUM5sYQyLeythI2opgxtNiUbgrf88ipp16reRbXWvKzUb/I4inACp3AOHlxBHe6gAS1gwOEZXuHNeXRenHfnY9FacPKZY/gD5/MH4XeM/A==</latexit>

eM � 1,
p

eM2 � 1
<latexit sha1_base64="iS0/OYA3PU3kHB0LhLuoI7VmS+E=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXGhJqqDLohs3QgX7gDaGyfS2HTp5ODMRSogbf8WNC0Xc+hfu/BsnbRZaPTBw7jn3cuceL+JMKsv6Mgpz8wuLS8Xl0srq2vqGubnVlGEsKDRoyEPR9ogEzgJoKKY4tCMBxPc4tLzRRea37kFIFgY3ahyB45NBwPqMEqUl19yB2+QqPbIPu/JOqCSr3KquU9csWxVrAvyX2Dkpoxx11/zs9kIa+xAoyomUHduKlJMQoRjlkJa6sYSI0BEZQEfTgPggnWRyQYr3tdLD/VDoFyg8UX9OJMSXcux7utMnaihnvUz8z+vEqn/mJCyIYgUBnS7qxxyrEGdx4B4TQBUfa0KoYPqvmA6JIFTp0Eo6BHv25L+kWa3Yx5Xq9Um5dp7HUUS7aA8dIBudohq6RHXUQBQ9oCf0gl6NR+PZeDPep60FI5/ZRr9gfHwDf5KWRg==</latexit>

e�L
<latexit sha1_base64="YtdsudHawwddsnb2efyDphPCRcI=">AAAB9XicbVA9SwNBEJ3zM8avqKXNYhCswl0UtAzaWFhEMB+QXMLeZpIs2ds7dveUcOR/2FgoYut/sfPfuEmu0MQHA4/3ZpiZF8SCa+O6387K6tr6xmZuK7+9s7u3Xzg4rOsoUQxrLBKRagZUo+ASa4Ybgc1YIQ0DgY1gdDP1G4+oNI/kgxnH6Id0IHmfM2qs1MFO2g74gHHFyN2kWyi6JXcGsky8jBQhQ7Vb+Gr3IpaEKA0TVOuW58bGT6kynAmc5NuJxpiyER1gy1JJQ9R+Ort6Qk6t0iP9SNmShszU3xMpDbUeh4HtDKkZ6kVvKv7ntRLTv/JTLuPEoGTzRf1EEBORaQSkxxUyI8aWUKa4vZWwIVWUGRtU3obgLb68TOrlkndeKt9fFCvXWRw5OIYTOAMPLqECt1CFGjBQ8Ayv8OY8OS/Ou/Mxb11xspkj+APn8wdMlpJg</latexit>

tsat ⇠ e�L
<latexit sha1_base64="bytg9bXo46P4gWbrwdfrc8/xSt4=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBbBVUmqoMuiGxcuKtgHNDFMppN26OTBzI1QQsCNv+LGhSJu/Ql3/o3TNgttPXDhcM693HuPnwiuwLK+jdLS8srqWnm9srG5tb1j7u61VZxKylo0FrHs+kQxwSPWAg6CdRPJSOgL1vFHVxO/88Ck4nF0B+OEuSEZRDzglICWPPMAvEwRyB3FQ8zuM8fnA8olxTe5Z1atmjUFXiR2QaqoQNMzv5x+TNOQRUAFUapnWwm4GZHAqWB5xUkVSwgdkQHraRqRkCk3m/6Q42Ot9HEQS10R4Kn6eyIjoVLj0NedIYGhmvcm4n9eL4Xgws14lKTAIjpbFKQCQ4wngeA+l4yCGGtCqOT6VkyHRBIKOraKDsGef3mRtOs1+7RWvz2rNi6LOMroEB2hE2Sjc9RA16iJWoiiR/SMXtGb8WS8GO/Gx6y1ZBQz++gPjM8fOkeX4Q==</latexit>

e�L
<latexit sha1_base64="YtdsudHawwddsnb2efyDphPCRcI=">AAAB9XicbVA9SwNBEJ3zM8avqKXNYhCswl0UtAzaWFhEMB+QXMLeZpIs2ds7dveUcOR/2FgoYut/sfPfuEmu0MQHA4/3ZpiZF8SCa+O6387K6tr6xmZuK7+9s7u3Xzg4rOsoUQxrLBKRagZUo+ASa4Ybgc1YIQ0DgY1gdDP1G4+oNI/kgxnH6Id0IHmfM2qs1MFO2g74gHHFyN2kWyi6JXcGsky8jBQhQ7Vb+Gr3IpaEKA0TVOuW58bGT6kynAmc5NuJxpiyER1gy1JJQ9R+Ort6Qk6t0iP9SNmShszU3xMpDbUeh4HtDKkZ6kVvKv7ntRLTv/JTLuPEoGTzRf1EEBORaQSkxxUyI8aWUKa4vZWwIVWUGRtU3obgLb68TOrlkndeKt9fFCvXWRw5OIYTOAMPLqECt1CFGjBQ8Ayv8OY8OS/Ou/Mxb11xspkj+APn8wdMlpJg</latexit>

tsat ⇠ e�L
<latexit sha1_base64="bytg9bXo46P4gWbrwdfrc8/xSt4=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBbBVUmqoMuiGxcuKtgHNDFMppN26OTBzI1QQsCNv+LGhSJu/Ql3/o3TNgttPXDhcM693HuPnwiuwLK+jdLS8srqWnm9srG5tb1j7u61VZxKylo0FrHs+kQxwSPWAg6CdRPJSOgL1vFHVxO/88Ck4nF0B+OEuSEZRDzglICWPPMAvEwRyB3FQ8zuM8fnA8olxTe5Z1atmjUFXiR2QaqoQNMzv5x+TNOQRUAFUapnWwm4GZHAqWB5xUkVSwgdkQHraRqRkCk3m/6Q42Ot9HEQS10R4Kn6eyIjoVLj0NedIYGhmvcm4n9eL4Xgws14lKTAIjpbFKQCQ4wngeA+l4yCGGtCqOT6VkyHRBIKOraKDsGef3mRtOs1+7RWvz2rNi6LOMroEB2hE2Sjc9RA16iJWoiiR/SMXtGb8WS8GO/Gx6y1ZBQz++gPjM8fOkeX4Q==</latexit>

L�t?
<latexit sha1_base64="2PpYFcyzAc49fTe0osTHgbVXW8Q=">AAACCHicbVC7SgNBFJ2Nrxhfq5YWLgbBKuxGQTuDNhYWEcwDkhhmJ3eTIbMPZu6KYdnSxl+xsVDE1k+w82+cJFto4oELh3Punbn3uJHgCm3728gtLC4tr+RXC2vrG5tb5vZOXYWxZFBjoQhl06UKBA+ghhwFNCMJ1HcFNNzh5dhv3INUPAxucRRBx6f9gHucUdRS19xvIzzg5J1EQi9Nru+Stsv7jEuW4nnaNYt2yZ7AmidORookQ7VrfrV7IYt9CJAJqlTLsSPsJFQiZwLSQjtWEFE2pH1oaRpQH1QnmSyQWoda6VleKHUFaE3U3xMJ9ZUa+a7u9CkO1Kw3Fv/zWjF6Z52EB1GMELDpR14sLAytcSpWj0tgKEaaUCa53tViAyopQ51dQYfgzJ48T+rlknNcKt+cFCsXWRx5skcOyBFxyCmpkCtSJTXCyCN5Jq/kzXgyXox342PamjOymV3yB8bnD2D3mtQ=</latexit>

L�t?
<latexit sha1_base64="2PpYFcyzAc49fTe0osTHgbVXW8Q=">AAACCHicbVC7SgNBFJ2Nrxhfq5YWLgbBKuxGQTuDNhYWEcwDkhhmJ3eTIbMPZu6KYdnSxl+xsVDE1k+w82+cJFto4oELh3Punbn3uJHgCm3728gtLC4tr+RXC2vrG5tb5vZOXYWxZFBjoQhl06UKBA+ghhwFNCMJ1HcFNNzh5dhv3INUPAxucRRBx6f9gHucUdRS19xvIzzg5J1EQi9Nru+Stsv7jEuW4nnaNYt2yZ7AmidORookQ7VrfrV7IYt9CJAJqlTLsSPsJFQiZwLSQjtWEFE2pH1oaRpQH1QnmSyQWoda6VleKHUFaE3U3xMJ9ZUa+a7u9CkO1Kw3Fv/zWjF6Z52EB1GMELDpR14sLAytcSpWj0tgKEaaUCa53tViAyopQ51dQYfgzJ48T+rlknNcKt+cFCsXWRx5skcOyBFxyCmpkCtSJTXCyCN5Jq/kzXgyXox342PamjOymV3yB8bnD2D3mtQ=</latexit>

or ?

-		AnalyKc	approach	for	large	L	limit?


