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Motivation and  
some recent developments

Part 1



Thermalization & chaos

transport & 
dissipation

|⇣(z)|�1

<latexit sha1_base64="ZLplgtuiYbLuDW20t1Pw7paFj+4=">AAAB+HicbVBNT8JAEN3iF+IHVY9eNhITPEhag9Ej0YtHTOQjgUq2ywIbtttmd2oChV/ixYPGePWnePPfuEAPCr5kkpf3ZjIzz48E1+A431ZmbX1jcyu7ndvZ3dvP2weHdR3GirIaDUWomj7RTHDJasBBsGakGAl8wRr+8HbmN56Y0jyUDzCKmBeQvuQ9TgkYqWPnJ+0xA1Icn00ek3N32rELTsmZA68SNyUFlKLasb/a3ZDGAZNABdG65ToReAlRwKlg01w71iwidEj6rGWoJAHTXjI/fIpPjdLFvVCZkoDn6u+JhARajwLfdAYEBnrZm4n/ea0YetdewmUUA5N0sagXCwwhnqWAu1wxCmJkCKGKm1sxHRBFKJisciYEd/nlVVK/KLnl0uV9uVC5SePIomN0gorIRVeogu5QFdUQRTF6Rq/ozRpbL9a79bFozVjpzBH6A+vzBzn1ktA=</latexit>

Consider time-dependent, complex systems, esp. at finite temperature 

quantum     
butterfly effect

operator growth

random matrix 
universality

Different observables and timescales require different contours
Via holography: relations to black holes & quantum gravity



Effective field theory 
for quantum chaos



Hydrodynamics: paradigm for universal EFT,  
slow relaxation of conserved quantities,  
non-equilibrium path integrals

Thermal Schwinger-Keldysh EFT 
recently understood systematically
[Nickel/Son] [Dubovsky/Hui/Nicolis/Son] [Kovtun/Moore/Romatschke] … 
[FMH/Loganayagam/Rangamani] [Crossley/Glorioso/Liu] … [Jensen/Pinzani-Fokeeva/Yarom] …

Re(t)
<latexit sha1_base64="B3cSgYo7Hxb8p9QJKEXzffoJ/eU=">AAAB83icbVBNS8NAEN3Ur1q/qh69BItQLyWpgp6k4MVjFVsLTSib7aRdutmE3YlYQv+GFw+KePXPePPfuG1z0NYHA4/3ZpiZFySCa3Scb6uwsrq2vlHcLG1t7+zulfcP2jpOFYMWi0WsOgHVILiEFnIU0EkU0CgQ8BCMrqf+wyMozWN5j+ME/IgOJA85o2gkz0N4wuwOJlU87ZUrTs2ZwV4mbk4qJEezV/7y+jFLI5DIBNW66zoJ+hlVyJmASclLNSSUjegAuoZKGoH2s9nNE/vEKH07jJUpifZM/T2R0UjrcRSYzojiUC96U/E/r5tieOlnXCYpgmTzRWEqbIztaQB2nytgKMaGUKa4udVmQ6ooQxNTyYTgLr68TNr1mntWq9+eVxpXeRxFckSOSZW45II0yA1pkhZhJCHP5JW8Wan1Yr1bH/PWgpXPHJI/sD5/ANQ5kYc=</latexit>

Im(t)
<latexit sha1_base64="8SsBIC4wehu91MCvUnXmhnkGH7c=">AAAB83icbVBNSwMxEM3Wr1q/qh69BItQL2W3CnqSghe9VbC10F1KNs22oUl2SWbFsvRvePGgiFf/jDf/jWm7B219MPB4b4aZeWEiuAHX/XYKK6tr6xvFzdLW9s7uXnn/oG3iVFPWorGIdSckhgmuWAs4CNZJNCMyFOwhHF1P/YdHpg2P1T2MExZIMlA84pSAlXwf2BNkt3JShdNeueLW3BnwMvFyUkE5mr3yl9+PaSqZAiqIMV3PTSDIiAZOBZuU/NSwhNARGbCupYpIZoJsdvMEn1ilj6NY21KAZ+rviYxIY8YytJ2SwNAselPxP6+bQnQZZFwlKTBF54uiVGCI8TQA3OeaURBjSwjV3N6K6ZBoQsHGVLIheIsvL5N2vead1ep355XGVR5HER2hY1RFHrpADXSDmqiFKErQM3pFb07qvDjvzse8teDkM4foD5zPH9KokYY=</latexit>

�i�
<latexit sha1_base64="BkE+gFOIFAzENehH38WmT0Qhk+I=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBiyWpgp6k4MVjBfsBbSib7aRdutmE3Y1QQn+EFw+KePX3ePPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvpv57SdUmsfy0UwS9CM6lDzkjBortS94L0BD++WKW3XnIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/Nzp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8MbPuExSg5ItFoWpICYms9/JgCtkRkwsoUxxeythI6ooMzahkg3BW355lbRqVe+yWnu4qtRv8ziKcAKncA4eXEMd7qEBTWAwhmd4hTcncV6cd+dj0Vpw8plj+APn8wf0TI9O</latexit>

Transport & 
Dissipation



is ‘complicated’ even if       was ‘simple’:X

<latexit sha1_base64="9ad5iLbbEpYqkPCt+/1dIGu5KEg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZqdfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ+6Lq1aqXzVqlfpPHUYQTOIVz8OAK6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEPnM8fuFGM5A==</latexit>

X

<latexit sha1_base64="r+ZKSt1rqzJ1qJg8PUW5V5NVLWs=">AAACE3icbZDLSsNAFIYnXmu9RV26CRZBREJim6buim5cVrAXSEOZTCft0MmFmYlQQt7Bja/ixoUibt24822cpF1o64GBj/8/Z+bM78WUcGEY38rK6tr6xmZpq7y9s7u3rx4cdniUMITbKKIR63mQY0pC3BZEUNyLGYaBR3HXm9zkfvcBM06i8F5MY+wGcBQSnyAopDRQz9N+cYnDRp6bGnr9qm7UrAtDN23btqo5VBt2w8p62UCtGLpRlLYM5hwqYF6tgfrVH0YoCXAoEIWcO6YRCzeFTBBEcVbuJxzHEE3gCDsSQxhg7qbFOpl2KpWh5kdMnlBohfp7IoUB59PAk50BFGO+6OXif56TCL/hpiSME4FDNHvIT6gmIi0PSBsShpGgUwkQMSJ31dAYMoiEjLEsQzAXv7wMnUvdrOnWXa3SvJ7HUQLH4AScARPYoAluQQu0AQKP4Bm8gjflSXlR3pWPWeuKMp85An9K+fwBscGaOw==</latexit>

eiHt

<latexit sha1_base64="g5rVfMDUpxJ+Z/mmIp6qnKOOT+0=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRS48V7Ae0sWy2m3bpZhN2J0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GdzO//cS1EbF6wEnC/YgOlQgFo2ilNn/MRB2n/XLFrbpzkFXi5aQCORr98ldvELM04gqZpMZ0PTdBP6MaBZN8WuqlhieUjemQdy1VNOLGz+bnTsmZVQYkjLUthWSu/p7IaGTMJApsZ0RxZJa9mfif100xvPEzoZIUuWKLRWEqCcZk9jsZCM0ZyokllGlhbyVsRDVlaBMq2RC85ZdXSeui6l1Wr+4vK7XbPI4inMApnIMH11CDOjSgCQzG8Ayv8OYkzovz7nwsWgtOPnMMf+B8/gB0kY+o</latexit>

eiHt

<latexit sha1_base64="g5rVfMDUpxJ+Z/mmIp6qnKOOT+0=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRS48V7Ae0sWy2m3bpZhN2J0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GdzO//cS1EbF6wEnC/YgOlQgFo2ilNn/MRB2n/XLFrbpzkFXi5aQCORr98ldvELM04gqZpMZ0PTdBP6MaBZN8WuqlhieUjemQdy1VNOLGz+bnTsmZVQYkjLUthWSu/p7IaGTMJApsZ0RxZJa9mfif100xvPEzoZIUuWKLRWEqCcZk9jsZCM0ZyokllGlhbyVsRDVlaBMq2RC85ZdXSeui6l1Wr+4vK7XbPI4inMApnIMH11CDOjSgCQzG8Ayv8OYkzovz7nwsWgtOPnMMf+B8/gB0kY+o</latexit>

e�iHt

<latexit sha1_base64="+4JGq5YGPMgqK13pzFBaHIDTiy4=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBC8GHYloseglxwjmAcka5iddJIhs7PrzKwQlvyEFw+KePV3vPk3TpI9aGJBQ1HVTXdXEAuujet+Oyura+sbm7mt/PbO7t5+4eCwoaNEMayzSESqFVCNgkusG24EtmKFNAwENoPR7dRvPqHSPJL3ZhyjH9KB5H3OqLFSCx/Sc141k26h6JbcGcgy8TJShAy1buGr04tYEqI0TFCt254bGz+lynAmcJLvJBpjykZ0gG1LJQ1R++ns3gk5tUqP9CNlSxoyU39PpDTUehwGtjOkZqgXvan4n9dOTP/aT7mME4OSzRf1E0FMRKbPkx5XyIwYW0KZ4vZWwoZUUWZsRHkbgrf48jJpXJS8cunyrlys3GRx5OAYTuAMPLiCClShBnVgIOAZXuHNeXRenHfnY9664mQzR/AHzucP36eP3w==</latexit>

e�iHt

<latexit sha1_base64="+4JGq5YGPMgqK13pzFBaHIDTiy4=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBC8GHYloseglxwjmAcka5iddJIhs7PrzKwQlvyEFw+KePV3vPk3TpI9aGJBQ1HVTXdXEAuujet+Oyura+sbm7mt/PbO7t5+4eCwoaNEMayzSESqFVCNgkusG24EtmKFNAwENoPR7dRvPqHSPJL3ZhyjH9KB5H3OqLFSCx/Sc141k26h6JbcGcgy8TJShAy1buGr04tYEqI0TFCt254bGz+lynAmcJLvJBpjykZ0gG1LJQ1R++ns3gk5tUqP9CNlSxoyU39PpDTUehwGtjOkZqgXvan4n9dOTP/aT7mME4OSzRf1E0FMRKbPkx5XyIwYW0KZ4vZWwoZUUWZsRHkbgrf48jJpXJS8cunyrlys3GRx5OAYTuAMPLiCClShBnVgIOAZXuHNeXRenHfnY9664mQzR/AHzucP36eP3w==</latexit>

<latexit sha1_base64="5O/vMAIe8M5Uh0Q0uSvA7sFQoP4="></latexit>

X(t) = e
iHt

Xe
→iHt = X + it[H,X]→ t

2

2
[H, [H,X]] + . . .

.X(t) = eiHtX e�iHt

<latexit sha1_base64="E7imslBAajv6uWdikkEnxjj236g=">AAACBXicbVC7SgNBFJ2Nrxhfq5ZaDAYhgoZdiWgjBG1SRjDJQrKG2ckkDpl9MHNXCEsaG3/FxkIRW//Bzr9xNtlCEw8MnHvOvdy5x4sEV2BZ30ZuYXFpeSW/Wlhb39jcMrd3miqMJWUNGopQOh5RTPCANYCDYE4kGfE9wVre8Dr1Ww9MKh4GtzCKmOuTQcD7nBLQUtfcd0pwhC8xu0t4DcbYwZ3jtDhJq65ZtMrWBHie2Bkpogz1rvnV6YU09lkAVBCl2rYVgZsQCZwKNi50YsUiQodkwNqaBsRnyk0mV4zxoVZ6uB9K/QLAE/X3REJ8pUa+pzt9Avdq1kvF/7x2DP0LN+FBFAML6HRRPxYYQpxGgntcMgpipAmhkuu/YnpPJKGggyvoEOzZk+dJ87RsV8pnN5Vi9SqLI4/20AEqIRudoyqqoTpqIIoe0TN6RW/Gk/FivBsf09ackc3soj8wPn8AUSOWkg==</latexit>

Quantum     
Butterfly Effect



OTOC = overlap of                   and                  :
<latexit sha1_base64="WF3ugXqBadWWKVkSLYfZyTMvJDo="></latexit>

→W (0)V (t)|W (0)V (t)↑ω ↓ →V V ↑ω→WW ↑ω
(
1↔ c0

N
eεt + . . .

)
<latexit sha1_base64="wpsHBWTqKWSErCMB3DI6rlGmsPM="></latexit>

|W (0)V (t)→
<latexit sha1_base64="kLlCn40B6hLP+mWnENtogjQEhi4="></latexit>

|V (t)W (0)→

quantum Lyapunov exponent
[Larkin/Ovchinnikov] [Kitaev] [Shenker/Stanford] …

<latexit sha1_base64="MvHv+wWY5lzMNaKCo7srfxV4RMY=">AAAB7XicbVBNSwMxEM3Wr1q/qh69BIvgqexKUY9FLx4r2A9olzKbZtvYbBKSrFCW/gcvHhTx6v/x5r8xbfegrQ8GHu/NMDMvUpwZ6/vfXmFtfWNzq7hd2tnd2z8oHx61jEw1oU0iudSdCAzlTNCmZZbTjtIUkojTdjS+nfntJ6oNk+LBThQNExgKFjMC1kmt3hiUgn654lf9OfAqCXJSQTka/fJXbyBJmlBhCQdjuoGvbJiBtoxwOi31UkMVkDEMaddRAQk1YTa/dorPnDLAsdSuhMVz9fdEBokxkyRynQnYkVn2ZuJ/Xje18XWYMaFSSwVZLIpTjq3Es9fxgGlKLJ84AkQzdysmI9BArAuo5EIIll9eJa2LanBZrd3XKvWbPI4iOkGn6BwF6ArV0R1qoCYi6BE9o1f05knvxXv3PhatBS+fOUZ/4H3+AJkajyg=</latexit>

• Chaos bound:
[Maldacena/Shenker/Stanford]

<latexit sha1_base64="9S1Mr1lsQsXmdJ6uqXp5CRPy3uE="></latexit>

ω → 2εT

[Sekino/Susskind] [Shenker/Stanford] …

• Holography:
<latexit sha1_base64="3AcToJhkClhFDpIBFICZ1+rRY6A="></latexit>

ω(black hole) = 2εT

Quantum     
Butterfly Effect

�i�
<latexit sha1_base64="BkE+gFOIFAzENehH38WmT0Qhk+I=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBiyWpgp6k4MVjBfsBbSib7aRdutmE3Y1QQn+EFw+KePX3ePPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvpv57SdUmsfy0UwS9CM6lDzkjBortS94L0BD++WKW3XnIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/Nzp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8MbPuExSg5ItFoWpICYms9/JgCtkRkwsoUxxeythI6ooMzahkg3BW355lbRqVe+yWnu4qtRv8ziKcAKncA4eXEMd7qEBTWAwhmd4hTcncV6cd+dj0Vpw8plj+APn8wf0TI9O</latexit>

<latexit sha1_base64="LozqYKu4S1OaEXq/gLbnc20MLP4=">AAACE3icbZDLSsNAFIYnXmu9RV26CRZBRELSprdd0Y3LCvYCaSiT6aQdOrkwMxFKyDu48VXcuFDErRt3vo2TtAttPTDw8f/nzJz53YgSLgzjW1lb39jc2i7sFHf39g8O1aPjLg9jhnAHhTRkfRdyTEmAO4IIivsRw9B3Ke6505vM7z1gxkkY3ItZhB0fjgPiEQSFlIbqZTLIL7HZ2HUSQ282KrV69crQy81qvVHJwDJrlpX20qFaMnQjL20VzAWUwKLaQ/VrMApR7ONAIAo5t00jEk4CmSCI4rQ4iDmOIJrCMbYlBtDH3EnydVLtXCojzQuZPIHQcvX3RAJ9zme+Kzt9KCZ82cvE/zw7Fl7DSUgQxQIHaP6QF1NNhFoWkDYiDCNBZxIgYkTuqqEJZBAJGWNRhmAuf3kVumXdrOnWnVVqXS/iKIBTcAYugAnqoAVuQRt0AAKP4Bm8gjflSXlR3pWPeeuaspg5AX9K+fwBstaaPA==</latexit>

W
<latexit sha1_base64="LozqYKu4S1OaEXq/gLbnc20MLP4=">AAACE3icbZDLSsNAFIYnXmu9RV26CRZBRELSprdd0Y3LCvYCaSiT6aQdOrkwMxFKyDu48VXcuFDErRt3vo2TtAttPTDw8f/nzJz53YgSLgzjW1lb39jc2i7sFHf39g8O1aPjLg9jhnAHhTRkfRdyTEmAO4IIivsRw9B3Ke6505vM7z1gxkkY3ItZhB0fjgPiEQSFlIbqZTLIL7HZ2HUSQ282KrV69crQy81qvVHJwDJrlpX20qFaMnQjL20VzAWUwKLaQ/VrMApR7ONAIAo5t00jEk4CmSCI4rQ4iDmOIJrCMbYlBtDH3EnydVLtXCojzQuZPIHQcvX3RAJ9zme+Kzt9KCZ82cvE/zw7Fl7DSUgQxQIHaP6QF1NNhFoWkDYiDCNBZxIgYkTuqqEJZBAJGWNRhmAuf3kVumXdrOnWnVVqXS/iKIBTcAYugAnqoAVuQRt0AAKP4Bm8gjflSXlR3pWPeeuaspg5AX9K+fwBstaaPA==</latexit>

W

<latexit sha1_base64="pVYT+CiCQmYGMeIZJLqDIvtbLVM=">AAACFnicbZDLSgMxFIYzXmu9VV26CRahgg6ZsRcLLgpuXFawF2iHkkkzbWjmQpIRyjBP4cZXceNCEbfizrcxvSy09UDg4//PSU5+N+JMKoS+jZXVtfWNzcxWdntnd28/d3DYlGEsCG2QkIei7WJJOQtoQzHFaTsSFPsupy13dDPxWw9USBYG92ocUcfHg4B5jGClpV7uIulOL+mIgeskyLRtu2IVz5FZRpdVu6qhWipZJZQ2C+os7eXyyETTgstgzSEP5lXv5b66/ZDEPg0U4VjKjoUi5SRYKEY4TbPdWNIIkxEe0I7GAPtUOsl0oxSeaqUPvVDoEyg4VX9PJNiXcuy7utPHaigXvYn4n9eJlXflJCyIYkUDMnvIizlUIZxkBPtMUKL4WAMmguldIRligYnSSWZ1CNbil5ehaZtW2SzeFfO163kcGXAMTkABWKACauAW1EEDEPAInsEreDOejBfj3fiYta4Y85kj8KeMzx9L3psD</latexit>

V (t)
<latexit sha1_base64="pVYT+CiCQmYGMeIZJLqDIvtbLVM=">AAACFnicbZDLSgMxFIYzXmu9VV26CRahgg6ZsRcLLgpuXFawF2iHkkkzbWjmQpIRyjBP4cZXceNCEbfizrcxvSy09UDg4//PSU5+N+JMKoS+jZXVtfWNzcxWdntnd28/d3DYlGEsCG2QkIei7WJJOQtoQzHFaTsSFPsupy13dDPxWw9USBYG92ocUcfHg4B5jGClpV7uIulOL+mIgeskyLRtu2IVz5FZRpdVu6qhWipZJZQ2C+os7eXyyETTgstgzSEP5lXv5b66/ZDEPg0U4VjKjoUi5SRYKEY4TbPdWNIIkxEe0I7GAPtUOsl0oxSeaqUPvVDoEyg4VX9PJNiXcuy7utPHaigXvYn4n9eJlXflJCyIYkUDMnvIizlUIZxkBPtMUKL4WAMmguldIRligYnSSWZ1CNbil5ehaZtW2SzeFfO163kcGXAMTkABWKACauAW1EEDEPAInsEreDOejBfj3fiYta4Y85kj8KeMzx9L3psD</latexit>

V (t)



Hydro-like chaos EFT on four-fold contour: effective chaos mode (“scramblon”)
[Maldacena/Stanford/Yang] [Jensen] … [Blake/Lee/Liu] [FMH/Rozali] …

�i�
<latexit sha1_base64="BkE+gFOIFAzENehH38WmT0Qhk+I=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBiyWpgp6k4MVjBfsBbSib7aRdutmE3Y1QQn+EFw+KePX3ePPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvpv57SdUmsfy0UwS9CM6lDzkjBortS94L0BD++WKW3XnIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/Nzp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8MbPuExSg5ItFoWpICYms9/JgCtkRkwsoUxxeythI6ooMzahkg3BW355lbRqVe+yWnu4qtRv8ziKcAKncA4eXEMd7qEBTWAwhmd4hTcncV6cd+dj0Vpw8plj+APn8wf0TI9O</latexit>

<latexit sha1_base64="LozqYKu4S1OaEXq/gLbnc20MLP4=">AAACE3icbZDLSsNAFIYnXmu9RV26CRZBRELSprdd0Y3LCvYCaSiT6aQdOrkwMxFKyDu48VXcuFDErRt3vo2TtAttPTDw8f/nzJz53YgSLgzjW1lb39jc2i7sFHf39g8O1aPjLg9jhnAHhTRkfRdyTEmAO4IIivsRw9B3Ke6505vM7z1gxkkY3ItZhB0fjgPiEQSFlIbqZTLIL7HZ2HUSQ282KrV69crQy81qvVHJwDJrlpX20qFaMnQjL20VzAWUwKLaQ/VrMApR7ONAIAo5t00jEk4CmSCI4rQ4iDmOIJrCMbYlBtDH3EnydVLtXCojzQuZPIHQcvX3RAJ9zme+Kzt9KCZ82cvE/zw7Fl7DSUgQxQIHaP6QF1NNhFoWkDYiDCNBZxIgYkTuqqEJZBAJGWNRhmAuf3kVumXdrOnWnVVqXS/iKIBTcAYugAnqoAVuQRt0AAKP4Bm8gjflSXlR3pWPeeuaspg5AX9K+fwBstaaPA==</latexit>

W
<latexit sha1_base64="LozqYKu4S1OaEXq/gLbnc20MLP4=">AAACE3icbZDLSsNAFIYnXmu9RV26CRZBRELSprdd0Y3LCvYCaSiT6aQdOrkwMxFKyDu48VXcuFDErRt3vo2TtAttPTDw8f/nzJz53YgSLgzjW1lb39jc2i7sFHf39g8O1aPjLg9jhnAHhTRkfRdyTEmAO4IIivsRw9B3Ke6505vM7z1gxkkY3ItZhB0fjgPiEQSFlIbqZTLIL7HZ2HUSQ282KrV69crQy81qvVHJwDJrlpX20qFaMnQjL20VzAWUwKLaQ/VrMApR7ONAIAo5t00jEk4CmSCI4rQ4iDmOIJrCMbYlBtDH3EnydVLtXCojzQuZPIHQcvX3RAJ9zme+Kzt9KCZ82cvE/zw7Fl7DSUgQxQIHaP6QF1NNhFoWkDYiDCNBZxIgYkTuqqEJZBAJGWNRhmAuf3kVumXdrOnWnVVqXS/iKIBTcAYugAnqoAVuQRt0AAKP4Bm8gjflSXlR3pWPeeuaspg5AX9K+fwBstaaPA==</latexit>

W

<latexit sha1_base64="pVYT+CiCQmYGMeIZJLqDIvtbLVM=">AAACFnicbZDLSgMxFIYzXmu9VV26CRahgg6ZsRcLLgpuXFawF2iHkkkzbWjmQpIRyjBP4cZXceNCEbfizrcxvSy09UDg4//PSU5+N+JMKoS+jZXVtfWNzcxWdntnd28/d3DYlGEsCG2QkIei7WJJOQtoQzHFaTsSFPsupy13dDPxWw9USBYG92ocUcfHg4B5jGClpV7uIulOL+mIgeskyLRtu2IVz5FZRpdVu6qhWipZJZQ2C+os7eXyyETTgstgzSEP5lXv5b66/ZDEPg0U4VjKjoUi5SRYKEY4TbPdWNIIkxEe0I7GAPtUOsl0oxSeaqUPvVDoEyg4VX9PJNiXcuy7utPHaigXvYn4n9eJlXflJCyIYkUDMnvIizlUIZxkBPtMUKL4WAMmguldIRligYnSSWZ1CNbil5ehaZtW2SzeFfO163kcGXAMTkABWKACauAW1EEDEPAInsEreDOejBfj3fiYta4Y85kj8KeMzx9L3psD</latexit>

V (t)
<latexit sha1_base64="pVYT+CiCQmYGMeIZJLqDIvtbLVM=">AAACFnicbZDLSgMxFIYzXmu9VV26CRahgg6ZsRcLLgpuXFawF2iHkkkzbWjmQpIRyjBP4cZXceNCEbfizrcxvSy09UDg4//PSU5+N+JMKoS+jZXVtfWNzcxWdntnd28/d3DYlGEsCG2QkIei7WJJOQtoQzHFaTsSFPsupy13dDPxWw9USBYG92ocUcfHg4B5jGClpV7uIulOL+mIgeskyLRtu2IVz5FZRpdVu6qhWipZJZQ2C+os7eXyyETTgstgzSEP5lXv5b66/ZDEPg0U4VjKjoUi5SRYKEY4TbPdWNIIkxEe0I7GAPtUOsl0oxSeaqUPvVDoEyg4VX9PJNiXcuy7utPHaigXvYn4n9eJlXflJCyIYkUDMnvIizlUIZxkBPtMUKL4WAMmguldIRligYnSSWZ1CNbil5ehaZtW2SzeFfO163kcGXAMTkABWKACauAW1EEDEPAInsEreDOejBfj3fiYta4Y85kj8KeMzx9L3psD</latexit>

V (t)

Effective d.o.f.: soft modes of the mean-field action that interact on shared 
contour segment

Large-N saddle point breaks down 
when 

Exact path integral over soft modes 
leads to eikonal effective action

<latexit sha1_base64="v+AIosMQglcuNbvLWk/KqProQug=">AAAB9XicbVA9SwNBEJ2LXzF+RS1tFoMQm3AnQS0sAjZWEsF8QO4Me5tNsmT39tjdU8KR/2FjoYit/8XOf+MmuUITHww83pthZl4Yc6aN6347uZXVtfWN/GZha3tnd6+4f9DUMlGENojkUrVDrClnEW0YZjhtx4piEXLaCkfXU7/1SJVmMro345gGAg8i1mcEGys9GORrJpDP5aB8e9otltyKOwNaJl5GSpCh3i1++T1JEkEjQzjWuuO5sQlSrAwjnE4KfqJpjMkID2jH0ggLqoN0dvUEnVilh/pS2YoMmqm/J1IstB6L0HYKbIZ60ZuK/3mdxPQvg5RFcWJoROaL+glHRqJpBKjHFCWGjy3BRDF7KyJDrDAxNqiCDcFbfHmZNM8q3nmlelct1a6yOPJwBMdQBg8uoAY3UIcGEFDwDK/w5jw5L8678zFvzTnZzCH8gfP5AyUqkZ8=</latexit>

t → log(N)

<latexit sha1_base64="SFvs+/3H872kHGELpyeBNbcIlK0="></latexit>

→W (0)V (t)W (0)V (t)↑ω =

∫
Df e→Seff[f ] →V V ↑(f)ω →WW ↑(f)ω

Can sometimes derive explicitly from microscopics, e.g. in SYK-type models
[Stanford/Yang/Yao] [Gu/Kitaev/Zhang] [Gao/Liu] [Choi/FMH/Mezei/Sarosi] …

<latexit sha1_base64="msb62JgUoKZYBVg74tuWLXH6plc="></latexit>

f(t, x) → f0(t, x) +X+(x) e→ωt +X→(x) eωt + . . .

<latexit sha1_base64="JK8xgMsFYm+suWABBelhvGJwUmg="></latexit>

Seik → N

∫
dk eω(

iω
2 →t)(· · · )X+(k)X→(↑k)

<latexit sha1_base64="ZFzk9KWmAc4Eoe3Bkg6ImyxgZ+I=">AAACE3icbVDLSgMxFM3UV62vUZdugkUQKcNMW9u6K7pxWcG2wnQomTRtQzMPkoxQhvkHN/6KGxeKuHXjzr8xnY6grRcCJ+ece3Nz3JBRIU3zS8utrK6tb+Q3C1vbO7t7+v5BRwQRx6SNAxbwOxcJwqhP2pJKRu5CTpDnMtJ1J1czvXtPuKCBfyunIXE8NPLpkGIkFdXXz+JeOsTmI9eJTaNcKZ/XGyXTqFWqF7VKyTLMtJJO0teLZnaDy+DHWARZtfr6Z28Q4MgjvsQMCWFbZiidGHFJMSNJoRcJEiI8QSNiK+gjjwgnTtdJ4IliBnAYcHV8CVP2d0eMPCGmnqucHpJjsajNyP80O5LDhhNTP4wk8fH8oWHEoAzgLCA4oJxgyaYKIMyp2hXiMeIISxVjQYVgLX55GXTKhlUzqjfVYvMyiyMPjsAxOAUWqIMmuAYt0AYYPIAn8AJetUftWXvT3ufWnJb1HII/pX18A3wbmhk=</latexit>

V

<latexit sha1_base64="ZFzk9KWmAc4Eoe3Bkg6ImyxgZ+I=">AAACE3icbVDLSgMxFM3UV62vUZdugkUQKcNMW9u6K7pxWcG2wnQomTRtQzMPkoxQhvkHN/6KGxeKuHXjzr8xnY6grRcCJ+ece3Nz3JBRIU3zS8utrK6tb+Q3C1vbO7t7+v5BRwQRx6SNAxbwOxcJwqhP2pJKRu5CTpDnMtJ1J1czvXtPuKCBfyunIXE8NPLpkGIkFdXXz+JeOsTmI9eJTaNcKZ/XGyXTqFWqF7VKyTLMtJJO0teLZnaDy+DHWARZtfr6Z28Q4MgjvsQMCWFbZiidGHFJMSNJoRcJEiI8QSNiK+gjjwgnTtdJ4IliBnAYcHV8CVP2d0eMPCGmnqucHpJjsajNyP80O5LDhhNTP4wk8fH8oWHEoAzgLCA4oJxgyaYKIMyp2hXiMeIISxVjQYVgLX55GXTKhlUzqjfVYvMyiyMPjsAxOAUWqIMmuAYt0AYYPIAn8AJetUftWXvT3ufWnJb1HII/pX18A3wbmhk=</latexit>

V
<latexit sha1_base64="LozqYKu4S1OaEXq/gLbnc20MLP4=">AAACE3icbZDLSsNAFIYnXmu9RV26CRZBRELSprdd0Y3LCvYCaSiT6aQdOrkwMxFKyDu48VXcuFDErRt3vo2TtAttPTDw8f/nzJz53YgSLgzjW1lb39jc2i7sFHf39g8O1aPjLg9jhnAHhTRkfRdyTEmAO4IIivsRw9B3Ke6505vM7z1gxkkY3ItZhB0fjgPiEQSFlIbqZTLIL7HZ2HUSQ282KrV69crQy81qvVHJwDJrlpX20qFaMnQjL20VzAWUwKLaQ/VrMApR7ONAIAo5t00jEk4CmSCI4rQ4iDmOIJrCMbYlBtDH3EnydVLtXCojzQuZPIHQcvX3RAJ9zme+Kzt9KCZ82cvE/zw7Fl7DSUgQxQIHaP6QF1NNhFoWkDYiDCNBZxIgYkTuqqEJZBAJGWNRhmAuf3kVumXdrOnWnVVqXS/iKIBTcAYugAnqoAVuQRt0AAKP4Bm8gjflSXlR3pWPeeuaspg5AX9K+fwBstaaPA==</latexit>

W

<latexit sha1_base64="LozqYKu4S1OaEXq/gLbnc20MLP4=">AAACE3icbZDLSsNAFIYnXmu9RV26CRZBRELSprdd0Y3LCvYCaSiT6aQdOrkwMxFKyDu48VXcuFDErRt3vo2TtAttPTDw8f/nzJz53YgSLgzjW1lb39jc2i7sFHf39g8O1aPjLg9jhnAHhTRkfRdyTEmAO4IIivsRw9B3Ke6505vM7z1gxkkY3ItZhB0fjgPiEQSFlIbqZTLIL7HZ2HUSQ282KrV69crQy81qvVHJwDJrlpX20qFaMnQjL20VzAWUwKLaQ/VrMApR7ONAIAo5t00jEk4CmSCI4rQ4iDmOIJrCMbYlBtDH3EnydVLtXCojzQuZPIHQcvX3RAJ9zme+Kzt9KCZ82cvE/zw7Fl7DSUgQxQIHaP6QF1NNhFoWkDYiDCNBZxIgYkTuqqEJZBAJGWNRhmAuf3kVumXdrOnWnVVqXS/iKIBTcAYugAnqoAVuQRt0AAKP4Bm8gjflSXlR3pWPeeuaspg5AX9K+fwBstaaPA==</latexit>

W



Chaos beyond  
the standard OTOC



Probe black hole interior

Longer scrambling timescales

One way to generalise                : higher-order OTOCs 

Higher order fluctuation-dissipation theorems
[Tsuji/Shitara/Ueda] [FMH/Loganayagam/Narayan/Nizami/Rangamani] …

Complexity measures
[Roberts/Yoshida] [Cotler/Hunter-Jones/Liu/Yoshida] …

<latexit sha1_base64="mhctk1y4Jd0edthyCj/+UFJxrow="></latexit>

→WVWV ↑

[FMH/Rozali] … 

[FMH/Streicher/Zhao] …



Can also discover quantum chaos signatures in lower-order 
(Schwinger-Keldysh) correlators and related observables. E.g.:

[Grozdanov/Schalm/Scopelliti] [Blake/Davison/Grozdanov/Liu] … [FMH/Rozali] …

Pole skipping: signatures of quantum Lyapunov physics in 
<latexit sha1_base64="w0SIzkfiXu6C1ifY8dqLyzAPNTw=">AAACB3icbZDLSgMxFIYz9VbrrepSkGARXJUZKerCRcGNywq9QaeUTHrahmYyQ3JGLEN3bnwVNy4UcesruPNtTC8LbT0h8PH/55CcP4ilMOi6305mZXVtfSO7mdva3tndy+8f1E2UaA41HslINwNmQAoFNRQooRlrYGEgoREMbyZ+4x60EZGq4iiGdsj6SvQEZ2ilTv7Yl0z1JdCqPb6ecsdHeMBUA447+YJbdKdFl8GbQ4HMq9LJf/ndiCchKOSSGdPy3BjbKdMouIRxzk8MxIwPWR9aFhULwbTT6R5jemqVLu1F2l6FdKr+nkhZaMwoDGxnyHBgFr2J+J/XSrB31U6FihMExWcP9RJJMaKTUGhXaOAoRxYY18L+lfIB04yjjS5nQ/AWV16G+nnRuyiW7kqF8vU8jiw5IifkjHjkkpTJLamQGuHkkTyTV/LmPDkvzrvzMWvNOPOZQ/KnnM8fzYSZSQ==</latexit>

→TT ↑ret

[Shenker/Stanford] [Roberts/Stanford/Streicher] [Parker/Cao/Avdoshkin/Scaffi


Operator growth: spread of support over a given operator basis
<latexit sha1_base64="/3kxJEJyHM6OFBW+UtIng1c7xR0="></latexit>

X(t) = X + it[H,X]→ t
2

2
[H, [H,X]] + . . .



Operator growth: spread of support over a given operator basis

[Grozdanov/Schalm/Scopelliti] [Blake/Davison/Grozdanov/Liu] … [FMH/Rozali] …

Pole skipping: signatures of quantum Lyapunov physics in 
<latexit sha1_base64="w0SIzkfiXu6C1ifY8dqLyzAPNTw=">AAACB3icbZDLSgMxFIYz9VbrrepSkGARXJUZKerCRcGNywq9QaeUTHrahmYyQ3JGLEN3bnwVNy4UcesruPNtTC8LbT0h8PH/55CcP4ilMOi6305mZXVtfSO7mdva3tndy+8f1E2UaA41HslINwNmQAoFNRQooRlrYGEgoREMbyZ+4x60EZGq4iiGdsj6SvQEZ2ilTv7Yl0z1JdCqPb6ecsdHeMBUA447+YJbdKdFl8GbQ4HMq9LJf/ndiCchKOSSGdPy3BjbKdMouIRxzk8MxIwPWR9aFhULwbTT6R5jemqVLu1F2l6FdKr+nkhZaMwoDGxnyHBgFr2J+J/XSrB31U6FihMExWcP9RJJMaKTUGhXaOAoRxYY18L+lfIB04yjjS5nQ/AWV16G+nnRuyiW7kqF8vU8jiw5IifkjHjkkpTJLamQGuHkkTyTV/LmPDkvzrvzMWvNOPOZQ/KnnM8fzYSZSQ==</latexit>

→TT ↑ret

tL

<latexit sha1_base64="Ojme/gG8b3ZgnqckZjsbgJuA3Bo=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0TJoY2ER0XxAcoS9zV6yZG/v2J0TwpGfYGOhiK2/yM5/4ya5QhMfDDzem2FmXpBIYdB1v53Cyura+kZxs7S1vbO7V94/aJo41Yw3WCxj3Q6o4VIo3kCBkrcTzWkUSN4KRjdTv/XEtRGxesRxwv2IDpQIBaNopQfs3fXKFbfqzkCWiZeTCuSo98pf3X7M0ogrZJIa0/HcBP2MahRM8kmpmxqeUDaiA96xVNGIGz+bnTohJ1bpkzDWthSSmfp7IqORMeMosJ0RxaFZ9Kbif14nxfDKz4RKUuSKzReFqSQYk+nfpC80ZyjHllCmhb2VsCHVlKFNp2RD8BZfXibNs6p3Xr24P6/UrvM4inAEx3AKHlxCDW6hDg1gMIBneIU3RzovzrvzMW8tOPnMIfyB8/kDMRyNvw==</latexit>

tR

<latexit sha1_base64="MvkeJBmhvTSgcbwn9kUy4fL6DNA=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKosegF4/xkQckS5idzCZDZmeXmV4hLPkELx4U8eoXefNvnCR70MSChqKqm+6uIJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+64lrI2L1iOOE+xEdKBEKRtFKD9i775UrbtWdgSwTLycVyFHvlb+6/ZilEVfIJDWm47kJ+hnVKJjkk1I3NTyhbEQHvGOpohE3fjY7dUJOrNInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tOyYbgLb68TJpnVe+8enF3Xqld53EU4QiO4RQ8uIQa3EIdGsBgAM/wCm+OdF6cd+dj3lpw8plD+APn8wc6NI3F</latexit>

Toy model: random unitary quantum circuit
[Hayden/Preskill] [Susskind] … [Zhao] [FMH/Zhao] …

Perturbation spreads exponentially  
via all-to-all interactions (“gates”) 
until saturation

tL

<latexit sha1_base64="Ojme/gG8b3ZgnqckZjsbgJuA3Bo=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0TJoY2ER0XxAcoS9zV6yZG/v2J0TwpGfYGOhiK2/yM5/4ya5QhMfDDzem2FmXpBIYdB1v53Cyura+kZxs7S1vbO7V94/aJo41Yw3WCxj3Q6o4VIo3kCBkrcTzWkUSN4KRjdTv/XEtRGxesRxwv2IDpQIBaNopQfs3fXKFbfqzkCWiZeTCuSo98pf3X7M0ogrZJIa0/HcBP2MahRM8kmpmxqeUDaiA96xVNGIGz+bnTohJ1bpkzDWthSSmfp7IqORMeMosJ0RxaFZ9Kbif14nxfDKz4RKUuSKzReFqSQYk+nfpC80ZyjHllCmhb2VsCHVlKFNp2RD8BZfXibNs6p3Xr24P6/UrvM4inAEx3AKHlxCDW6hDg1gMIBneIU3RzovzrvzMW8tOPnMIfyB8/kDMRyNvw==</latexit>

tR

<latexit sha1_base64="MvkeJBmhvTSgcbwn9kUy4fL6DNA=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKosegF4/xkQckS5idzCZDZmeXmV4hLPkELx4U8eoXefNvnCR70MSChqKqm+6uIJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+64lrI2L1iOOE+xEdKBEKRtFKD9i775UrbtWdgSwTLycVyFHvlb+6/ZilEVfIJDWm47kJ+hnVKJjkk1I3NTyhbEQHvGOpohE3fjY7dUJOrNInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tOyYbgLb68TJpnVe+8enF3Xqld53EU4QiO4RQ8uIQa3EIdGsBgAM/wCm+OdF6cd+dj3lpw8plD+APn8wc6NI3F</latexit>

Toy model for holographic 
black hole evolution: 
perturbation = shockwave

RL

<latexit sha1_base64="/3kxJEJyHM6OFBW+UtIng1c7xR0="></latexit>

X(t) = X + it[H,X]→ t
2

2
[H, [H,X]] + . . .

Can also discover quantum chaos signatures in lower-order 
(Schwinger-Keldysh) correlators and related observables. E.g.:



Operator growth
from the OPE

[Chowdhury/FMH/Sanchez-Garrido/Zhao,  PRL 136 (2026) 12]

Part 2



Motivation
Another aspect of operator growth:

“How complicated has a 
simple perturbation become?”

“How do two growing 
perturbations interact over time?”

“What operator best describes 
their combined effect?”



Can make notions of operator growth very precise
Consider chaotic, large c, holographic CFT2 

h̄ ⌘ c� 1

24
+ P̄ 2

<latexit sha1_base64="BdosUWN1pRmNaukFAO2FZTTzP+s=">AAACEXicbVDLSsNAFJ3UV62vqEs3g0UoiCUpFV0W3bisYB/QxDKZTtqhk0mcmRRKyC+48VfcuFDErTt3/o2TNgttPXDhcM693HuPFzEqlWV9G4WV1bX1jeJmaWt7Z3fP3D9oyzAWmLRwyELR9ZAkjHLSUlQx0o0EQYHHSMcbX2d+Z0KEpCG/U9OIuAEacupTjJSW+mbF8ZCAI+iQh5hOoOMLhBN8ZqdJrZ7CU5jZSTO9r/XNslW1ZoDLxM5JGeRo9s0vZxDiOCBcYYak7NlWpNwECUUxI2nJiSWJEB6jIelpylFApJvMPkrhiVYG0A+FLq7gTP09kaBAymng6c4AqZFc9DLxP68XK//STSiPYkU4ni/yYwZVCLN44IAKghWbaoKwoPpWiEdIh6J0iCUdgr348jJp16p2vXp+Wy83rvI4iuAIHIMKsMEFaIAb0AQtgMEjeAav4M14Ml6Md+Nj3low8plD8AfG5w89hJwF</latexit>

c� 1

24

<latexit sha1_base64="QHi2dV5y51lwVfEIR5v7aHAelJc=">AAAB9XicbVBNSwMxEJ31s9avqkcvwSJ4seyWih6LXjxWsB/QriWbZtvQbLIkWaUs+z+8eFDEq//Fm//GtN2Dtj4YeLw3w8y8IOZMG9f9dlZW19Y3Ngtbxe2d3b390sFhS8tEEdokkkvVCbCmnAnaNMxw2okVxVHAaTsY30z99iNVmklxbyYx9SM8FCxkBBsrPfRChUlKzr0srdayfqnsVtwZ0DLxclKGHI1+6as3kCSJqDCEY627nhsbP8XKMMJpVuwlmsaYjPGQdi0VOKLaT2dXZ+jUKgMUSmVLGDRTf0+kONJ6EgW2M8JmpBe9qfif101MeOWnTMSJoYLMF4UJR0aiaQRowBQlhk8swUQxeysiI2yDMDaoog3BW3x5mbSqFa9WubirlevXeRwFOIYTOAMPLqEOt9CAJhBQ8Ayv8OY8OS/Ou/Mxb11x8pkj+APn8wfgkJId</latexit>

c� 1

24

<latexit sha1_base64="QHi2dV5y51lwVfEIR5v7aHAelJc=">AAAB9XicbVBNSwMxEJ31s9avqkcvwSJ4seyWih6LXjxWsB/QriWbZtvQbLIkWaUs+z+8eFDEq//Fm//GtN2Dtj4YeLw3w8y8IOZMG9f9dlZW19Y3Ngtbxe2d3b390sFhS8tEEdokkkvVCbCmnAnaNMxw2okVxVHAaTsY30z99iNVmklxbyYx9SM8FCxkBBsrPfRChUlKzr0srdayfqnsVtwZ0DLxclKGHI1+6as3kCSJqDCEY627nhsbP8XKMMJpVuwlmsaYjPGQdi0VOKLaT2dXZ+jUKgMUSmVLGDRTf0+kONJ6EgW2M8JmpBe9qfif101MeOWnTMSJoYLMF4UJR0aiaQRowBQlhk8swUQxeysiI2yDMDaoog3BW3x5mbSqFa9WubirlevXeRwFOIYTOAMPLqEOt9CAJhBQ8Ayv8OY8OS/Ou/Mxb11x8pkj+APn8wfgkJId</latexit>

m
=
0

<latexit sha1_base64="JoOh1ySgeYx30CnhEDcWLHszMmQ=">AAACFXicdVBLSwMxGMz6rPW16tFLsAgeypLa7WMPQtGLxwr2Ae1SsmnahmYfJFmhLP0TXvwrXjwo4lXw5r8x3bagogOBYWa+5Mt4EWdSIfRprKyurW9sZray2zu7e/vmwWFThrEgtEFCHoq2hyXlLKANxRSn7UhQ7Huctrzx1cxv3VEhWRjcqklEXR8PAzZgBCst9cx80k0v6Yih5ybIQnbVcap5ZBUrTrFc0qRcsVHRmfoXaNozc8sEXCbgMgELFkqRAwvUe+ZHtx+S2KeBIhxL2SmgSLkJFooRTqfZbixphMkYD2lH0wD7VLpJutAUnmqlDweh0CdQMFW/TyTYl3LiezrpYzWSv72Z+JfXidWg6iYsiGJFAzJ/aBBzqEI4qwj2maBE8YkmmAimd4VkhAUmSheZ1SUsfwr/J81zq2BbpRs7V7tc1JEBx+AEnIECqIAauAZ10AAE3INH8AxejAfjyXg13ubRFWMxcwR+wHj/Ancqmz0=</latexit>

m
=
1

<latexit sha1_base64="MX2uUrLpqlu+VS7aWot6Ye3nzeY=">AAACFXicbVBLS8NAGNz4rPUV9eglWAQPJSQ2feQgFL14rGAfkIay2W7bpZsHuxuhhPwJL/4VLx4U8Sp489+4TXPQ1oGFYWa+3W/HiyjhwjC+lbX1jc2t7cJOcXdv/+BQPTru8DBmCLdRSEPW8yDHlAS4LYiguBcxDH2P4q43vZn73QfMOAmDezGLsOvDcUBGBEEhpYFaTvrZJQ4be25i6IbVsO1G2dArdbtSq0pSq1tGxU79KzMdqCWZyKCtEjMnJZCjNVC/+sMQxT4OBKKQc8c0IuEmkAmCKE6L/ZjjCKIpHGNH0gD6mLtJtlCqnUtlqI1CJk8gtEz9PZFAn/OZ78mkD8WEL3tz8T/PicWo4SYkiGKBA7R4aBRTTYTavCJtSBhGgs4kgYgRuauGJpBBJGSRRVmCufzlVdK51E1Lr95ZpeZ1XkcBnIIzcAFMUAdNcAtaoA0QeATP4BW8KU/Ki/KufCyia0o+cwL+QPn8Aeexmto=</latexit>

m
=
�1

<latexit sha1_base64="pfOtGUF5dUhjDslHbaE3tMatUAs=">AAACFnicbVBLS8NAGNzUV62vqEcvwSJ4sCGx6SMHoejFYwX7gDSUzXbbLt082N0IJeRXePGvePGgiFfx5r9xm/agrQMLw8x8u9+OF1HChWF8K7m19Y3Nrfx2YWd3b/9APTxq8zBmCLdQSEPW9SDHlAS4JYiguBsxDH2P4o43uZn5nQfMOAmDezGNsOvDUUCGBEEhpb5aSnrZJQ4beW5i6IZVt+36haGXa3a5WpGkWrOMsp36VyUz7atFGcmgrRJzQYpggWZf/eoNQhT7OBCIQs4d04iEm0AmCKI4LfRijiOIJnCEHUkD6GPuJtlGqXYmlYE2DJk8gdAy9fdEAn3Op74nkz4UY77szcT/PCcWw7qbkCCKBQ7Q/KFhTDURarOOtAFhGAk6lQQiRuSuGhpDBpGQTRZkCebyl1dJ+1I3Lb1yZxUb14s68uAEnIJzYIIaaIBb0AQtgMAjeAav4E15Ul6Ud+VjHs0pi5lj8AfK5w9daJsR</latexit>

m
=
�2

<latexit sha1_base64="cIkoF4J1svjk6VItLY6cEEVfTnw=">AAACFnicbVBLSwMxGMzWV62vqkcvwSJ4sGW37z0IRS8eK9ha2C4lm6ZtaPZBkhXKsr/Ci3/FiwdFvIo3/43pdg/aOhAYZuZLvowTMCqkrn9rmbX1jc2t7HZuZ3dv/yB/eNQVfsgx6WCf+bznIEEY9UhHUslIL+AEuQ4j9870eu7fPxAuqO/dyVlAbBeNPTqiGEklDfLFqJ9cYvGxY0d6Sa82TbN5oZcqDbNSrylSb1T1ihm7l8VyPMgXVCQBXCVGSgogRXuQ/+oPfRy6xJOYISEsQw+kHSEuKWYkzvVDQQKEp2hMLEU95BJhR8lGMTxTyhCOfK6OJ2Gi/p6IkCvEzHVU0kVyIpa9ufifZ4Vy1LQj6gWhJB5ePDQKGZQ+nHcEh5QTLNlMEYQ5VbtCPEEcYamazKkSjOUvr5JuuWRUS7XbaqF1ldaRBSfgFJwDAzRAC9yANugADB7BM3gFb9qT9qK9ax+LaEZLZ47BH2ifP17tmxI=</latexit>

m
=
2

<latexit sha1_base64="rPvEPTlibHv6A5UKn7mwjy/MUUs=">AAACFXicbVBLS8NAGNzUV62vqkcvwSJ4KCVp09dBKHrxWME+IA1ls922SzebsLsRSsif8OJf8eJBEa+CN/+N2zQHbR1YGGbm2/123IASIQ3jW8tsbG5t72R3c3v7B4dH+eOTrvBDjnAH+dTnfRcKTAnDHUkkxf2AY+i5FPfc2c3C7z1gLojP7uU8wI4HJ4yMCYJSScN8MRokl9h84jqRUTKsRrPZKBqlSr1ZqVUVqdUto9KMvatyPMwXVCKBvk7MlBRAivYw/zUY+Sj0MJOIQiFs0wikE0EuCaI4zg1CgQOIZnCCbUUZ9LBwomShWL9Qykgf+1wdJvVE/T0RQU+IueeqpAflVKx6C/E/zw7luOFEhAWhxAwtHxqHVJe+vqhIHxGOkaRzRSDiRO2qoynkEElVZE6VYK5+eZ10yyXTKlXvrELrOq0jC87AObgEJqiDFrgFbdABCDyCZ/AK3rQn7UV71z6W0YyWzpyCP9A+fwDpNprb</latexit>

· · ·

<latexit sha1_base64="B/hZgYIu9OU58/msQjgFehfrTRs=">AAACGHicbVBLSwMxGMzWV62vqkcvwSJ4kLpr37eiF48V7AN2l5JN0zY0myxJVihLf4YX/4oXD4p47c1/Y/o4aOtAYJiZL/kyQcSo0rb9baU2Nre2d9K7mb39g8Oj7PFJS4lYYtLEggnZCZAijHLS1FQz0okkQWHASDsY3c389hORigr+qMcR8UM04LRPMdJG6mavE29+iSsHgZ/YebtYrdWqV3a+UKkVyiVDypWiXahNPNwTWk262ZwJzQHXibMkObBEo5udej2B45BwjRlSynXsSPsJkppiRiYZL1YkQniEBsQ1lKOQKD+Z7zSBF0bpwb6Q5nAN5+rviQSFSo3DwCRDpIdq1ZuJ/3lurPtVP6E8ijXhePFQP2ZQCzhrCfaoJFizsSEIS2p2hXiIJMLadJkxJTirX14nrZu8U8yXHoq5+u2yjjQ4A+fgEjigAurgHjRAE2DwDF7BO/iwXqw369P6WkRT1nLmFPyBNf0B8wmclg==</latexit>

··
·

<latexit sha1_base64="B/hZgYIu9OU58/msQjgFehfrTRs=">AAACGHicbVBLSwMxGMzWV62vqkcvwSJ4kLpr37eiF48V7AN2l5JN0zY0myxJVihLf4YX/4oXD4p47c1/Y/o4aOtAYJiZL/kyQcSo0rb9baU2Nre2d9K7mb39g8Oj7PFJS4lYYtLEggnZCZAijHLS1FQz0okkQWHASDsY3c389hORigr+qMcR8UM04LRPMdJG6mavE29+iSsHgZ/YebtYrdWqV3a+UKkVyiVDypWiXahNPNwTWk262ZwJzQHXibMkObBEo5udej2B45BwjRlSynXsSPsJkppiRiYZL1YkQniEBsQ1lKOQKD+Z7zSBF0bpwb6Q5nAN5+rviQSFSo3DwCRDpIdq1ZuJ/3lurPtVP6E8ijXhePFQP2ZQCzhrCfaoJFizsSEIS2p2hXiIJMLadJkxJTirX14nrZu8U8yXHoq5+u2yjjQ4A+fgEjigAurgHjRAE2DwDF7BO/iwXqw369P6WkRT1nLmFPyBNf0B8wmclg==</latexit>

h ⌘ c� 1

24
+ P 2

<latexit sha1_base64="KRrRtr6hf3m+lOPOI8WkSkl5XA8=">AAACBnicbVDLSgNBEJyNrxhfqx5FGAyCIIbdENFj0IvHCOYB2RhmJ73JkNmHM7OBsOzJi7/ixYMiXv0Gb/6Nk2QPmljQUFR1093lRpxJZVnfRm5peWV1Lb9e2Njc2t4xd/caMowFhToNeShaLpHAWQB1xRSHViSA+C6Hpju8nvjNEQjJwuBOjSPo+KQfMI9RorTUNQ8H2IGHmI2w4wlCE3pmp0m5kuJTXLsvd82iVbKmwIvEzkgRZah1zS+nF9LYh0BRTqRs21akOgkRilEOacGJJUSEDkkf2poGxAfZSaZvpPhYKz3shUJXoPBU/T2REF/Kse/qTp+ogZz3JuJ/XjtW3mUnYUEUKwjobJEXc6xCPMkE95gAqvhYE0IF07diOiA6DqWTK+gQ7PmXF0mjXLIrpfPbSrF6lcWRRwfoCJ0gG12gKrpBNVRHFD2iZ/SK3own48V4Nz5mrTkjm9lHf2B8/gC67Zdd</latexit>

h̄ ⌘ c� 1

24
+ P̄ 2

<latexit sha1_base64="BdosUWN1pRmNaukFAO2FZTTzP+s=">AAACEXicbVDLSsNAFJ3UV62vqEs3g0UoiCUpFV0W3bisYB/QxDKZTtqhk0mcmRRKyC+48VfcuFDErTt3/o2TNgttPXDhcM693HuPFzEqlWV9G4WV1bX1jeJmaWt7Z3fP3D9oyzAWmLRwyELR9ZAkjHLSUlQx0o0EQYHHSMcbX2d+Z0KEpCG/U9OIuAEacupTjJSW+mbF8ZCAI+iQh5hOoOMLhBN8ZqdJrZ7CU5jZSTO9r/XNslW1ZoDLxM5JGeRo9s0vZxDiOCBcYYak7NlWpNwECUUxI2nJiSWJEB6jIelpylFApJvMPkrhiVYG0A+FLq7gTP09kaBAymng6c4AqZFc9DLxP68XK//STSiPYkU4ni/yYwZVCLN44IAKghWbaoKwoPpWiEdIh6J0iCUdgr348jJp16p2vXp+Wy83rvI4iuAIHIMKsMEFaIAb0AQtgMEjeAav4M14Ml6Md+Nj3low8plD8AfG5w89hJwF</latexit>

c� 1

24

<latexit sha1_base64="QHi2dV5y51lwVfEIR5v7aHAelJc=">AAAB9XicbVBNSwMxEJ31s9avqkcvwSJ4seyWih6LXjxWsB/QriWbZtvQbLIkWaUs+z+8eFDEq//Fm//GtN2Dtj4YeLw3w8y8IOZMG9f9dlZW19Y3Ngtbxe2d3b390sFhS8tEEdokkkvVCbCmnAnaNMxw2okVxVHAaTsY30z99iNVmklxbyYx9SM8FCxkBBsrPfRChUlKzr0srdayfqnsVtwZ0DLxclKGHI1+6as3kCSJqDCEY627nhsbP8XKMMJpVuwlmsaYjPGQdi0VOKLaT2dXZ+jUKgMUSmVLGDRTf0+kONJ6EgW2M8JmpBe9qfif101MeOWnTMSJoYLMF4UJR0aiaQRowBQlhk8swUQxeysiI2yDMDaoog3BW3x5mbSqFa9WubirlevXeRwFOIYTOAMPLqEOt9CAJhBQ8Ayv8OY8OS/Ou/Mxb11x8pkj+APn8wfgkJId</latexit>

c� 1

24

<latexit sha1_base64="QHi2dV5y51lwVfEIR5v7aHAelJc=">AAAB9XicbVBNSwMxEJ31s9avqkcvwSJ4seyWih6LXjxWsB/QriWbZtvQbLIkWaUs+z+8eFDEq//Fm//GtN2Dtj4YeLw3w8y8IOZMG9f9dlZW19Y3Ngtbxe2d3b390sFhS8tEEdokkkvVCbCmnAnaNMxw2okVxVHAaTsY30z99iNVmklxbyYx9SM8FCxkBBsrPfRChUlKzr0srdayfqnsVtwZ0DLxclKGHI1+6as3kCSJqDCEY627nhsbP8XKMMJpVuwlmsaYjPGQdi0VOKLaT2dXZ+jUKgMUSmVLGDRTf0+kONJ6EgW2M8JmpBe9qfif101MeOWnTMSJoYLMF4UJR0aiaQRowBQlhk8swUQxeysiI2yDMDaoog3BW3x5mbSqFa9WubirlevXeRwFOIYTOAMPLqEOt9CAJhBQ8Ayv8OY8OS/Ou/Mxb11x8pkj+APn8wfgkJId</latexit>

m
=
0

<latexit sha1_base64="JoOh1ySgeYx30CnhEDcWLHszMmQ=">AAACFXicdVBLSwMxGMz6rPW16tFLsAgeypLa7WMPQtGLxwr2Ae1SsmnahmYfJFmhLP0TXvwrXjwo4lXw5r8x3bagogOBYWa+5Mt4EWdSIfRprKyurW9sZray2zu7e/vmwWFThrEgtEFCHoq2hyXlLKANxRSn7UhQ7Huctrzx1cxv3VEhWRjcqklEXR8PAzZgBCst9cx80k0v6Yih5ybIQnbVcap5ZBUrTrFc0qRcsVHRmfoXaNozc8sEXCbgMgELFkqRAwvUe+ZHtx+S2KeBIhxL2SmgSLkJFooRTqfZbixphMkYD2lH0wD7VLpJutAUnmqlDweh0CdQMFW/TyTYl3LiezrpYzWSv72Z+JfXidWg6iYsiGJFAzJ/aBBzqEI4qwj2maBE8YkmmAimd4VkhAUmSheZ1SUsfwr/J81zq2BbpRs7V7tc1JEBx+AEnIECqIAauAZ10AAE3INH8AxejAfjyXg13ubRFWMxcwR+wHj/Ancqmz0=</latexit>

m
=
1

<latexit sha1_base64="MX2uUrLpqlu+VS7aWot6Ye3nzeY=">AAACFXicbVBLS8NAGNz4rPUV9eglWAQPJSQ2feQgFL14rGAfkIay2W7bpZsHuxuhhPwJL/4VLx4U8Sp489+4TXPQ1oGFYWa+3W/HiyjhwjC+lbX1jc2t7cJOcXdv/+BQPTru8DBmCLdRSEPW8yDHlAS4LYiguBcxDH2P4q43vZn73QfMOAmDezGLsOvDcUBGBEEhpYFaTvrZJQ4be25i6IbVsO1G2dArdbtSq0pSq1tGxU79KzMdqCWZyKCtEjMnJZCjNVC/+sMQxT4OBKKQc8c0IuEmkAmCKE6L/ZjjCKIpHGNH0gD6mLtJtlCqnUtlqI1CJk8gtEz9PZFAn/OZ78mkD8WEL3tz8T/PicWo4SYkiGKBA7R4aBRTTYTavCJtSBhGgs4kgYgRuauGJpBBJGSRRVmCufzlVdK51E1Lr95ZpeZ1XkcBnIIzcAFMUAdNcAtaoA0QeATP4BW8KU/Ki/KufCyia0o+cwL+QPn8Aeexmto=</latexit>

m
=
�1

<latexit sha1_base64="pfOtGUF5dUhjDslHbaE3tMatUAs=">AAACFnicbVBLS8NAGNzUV62vqEcvwSJ4sCGx6SMHoejFYwX7gDSUzXbbLt082N0IJeRXePGvePGgiFfx5r9xm/agrQMLw8x8u9+OF1HChWF8K7m19Y3Nrfx2YWd3b/9APTxq8zBmCLdQSEPW9SDHlAS4JYiguBsxDH2P4o43uZn5nQfMOAmDezGNsOvDUUCGBEEhpb5aSnrZJQ4beW5i6IZVt+36haGXa3a5WpGkWrOMsp36VyUz7atFGcmgrRJzQYpggWZf/eoNQhT7OBCIQs4d04iEm0AmCKI4LfRijiOIJnCEHUkD6GPuJtlGqXYmlYE2DJk8gdAy9fdEAn3Op74nkz4UY77szcT/PCcWw7qbkCCKBQ7Q/KFhTDURarOOtAFhGAk6lQQiRuSuGhpDBpGQTRZkCebyl1dJ+1I3Lb1yZxUb14s68uAEnIJzYIIaaIBb0AQtgMAjeAav4E15Ul6Ud+VjHs0pi5lj8AfK5w9daJsR</latexit>

m
=
�2

<latexit sha1_base64="cIkoF4J1svjk6VItLY6cEEVfTnw=">AAACFnicbVBLSwMxGMzWV62vqkcvwSJ4sGW37z0IRS8eK9ha2C4lm6ZtaPZBkhXKsr/Ci3/FiwdFvIo3/43pdg/aOhAYZuZLvowTMCqkrn9rmbX1jc2t7HZuZ3dv/yB/eNQVfsgx6WCf+bznIEEY9UhHUslIL+AEuQ4j9870eu7fPxAuqO/dyVlAbBeNPTqiGEklDfLFqJ9cYvGxY0d6Sa82TbN5oZcqDbNSrylSb1T1ihm7l8VyPMgXVCQBXCVGSgogRXuQ/+oPfRy6xJOYISEsQw+kHSEuKWYkzvVDQQKEp2hMLEU95BJhR8lGMTxTyhCOfK6OJ2Gi/p6IkCvEzHVU0kVyIpa9ufifZ4Vy1LQj6gWhJB5ePDQKGZQ+nHcEh5QTLNlMEYQ5VbtCPEEcYamazKkSjOUvr5JuuWRUS7XbaqF1ldaRBSfgFJwDAzRAC9yANugADB7BM3gFb9qT9qK9ax+LaEZLZ47BH2ifP17tmxI=</latexit>

m
=
2

<latexit sha1_base64="rPvEPTlibHv6A5UKn7mwjy/MUUs=">AAACFXicbVBLS8NAGNzUV62vqkcvwSJ4KCVp09dBKHrxWME+IA1ls922SzebsLsRSsif8OJf8eJBEa+CN/+N2zQHbR1YGGbm2/123IASIQ3jW8tsbG5t72R3c3v7B4dH+eOTrvBDjnAH+dTnfRcKTAnDHUkkxf2AY+i5FPfc2c3C7z1gLojP7uU8wI4HJ4yMCYJSScN8MRokl9h84jqRUTKsRrPZKBqlSr1ZqVUVqdUto9KMvatyPMwXVCKBvk7MlBRAivYw/zUY+Sj0MJOIQiFs0wikE0EuCaI4zg1CgQOIZnCCbUUZ9LBwomShWL9Qykgf+1wdJvVE/T0RQU+IueeqpAflVKx6C/E/zw7luOFEhAWhxAwtHxqHVJe+vqhIHxGOkaRzRSDiRO2qoynkEElVZE6VYK5+eZ10yyXTKlXvrELrOq0jC87AObgEJqiDFrgFbdABCDyCZ/AK3rQn7UV71z6W0YyWzpyCP9A+fwDpNprb</latexit>

· · ·

<latexit sha1_base64="B/hZgYIu9OU58/msQjgFehfrTRs=">AAACGHicbVBLSwMxGMzWV62vqkcvwSJ4kLpr37eiF48V7AN2l5JN0zY0myxJVihLf4YX/4oXD4p47c1/Y/o4aOtAYJiZL/kyQcSo0rb9baU2Nre2d9K7mb39g8Oj7PFJS4lYYtLEggnZCZAijHLS1FQz0okkQWHASDsY3c389hORigr+qMcR8UM04LRPMdJG6mavE29+iSsHgZ/YebtYrdWqV3a+UKkVyiVDypWiXahNPNwTWk262ZwJzQHXibMkObBEo5udej2B45BwjRlSynXsSPsJkppiRiYZL1YkQniEBsQ1lKOQKD+Z7zSBF0bpwb6Q5nAN5+rviQSFSo3DwCRDpIdq1ZuJ/3lurPtVP6E8ijXhePFQP2ZQCzhrCfaoJFizsSEIS2p2hXiIJMLadJkxJTirX14nrZu8U8yXHoq5+u2yjjQ4A+fgEjigAurgHjRAE2DwDF7BO/iwXqw369P6WkRT1nLmFPyBNf0B8wmclg==</latexit>

··
·

<latexit sha1_base64="B/hZgYIu9OU58/msQjgFehfrTRs=">AAACGHicbVBLSwMxGMzWV62vqkcvwSJ4kLpr37eiF48V7AN2l5JN0zY0myxJVihLf4YX/4oXD4p47c1/Y/o4aOtAYJiZL/kyQcSo0rb9baU2Nre2d9K7mb39g8Oj7PFJS4lYYtLEggnZCZAijHLS1FQz0okkQWHASDsY3c389hORigr+qMcR8UM04LRPMdJG6mavE29+iSsHgZ/YebtYrdWqV3a+UKkVyiVDypWiXahNPNwTWk262ZwJzQHXibMkObBEo5udej2B45BwjRlSynXsSPsJkppiRiYZL1YkQniEBsQ1lKOQKD+Z7zSBF0bpwb6Q5nAN5+rviQSFSo3DwCRDpIdq1ZuJ/3lurPtVP6E8ijXhePFQP2ZQCzhrCfaoJFizsSEIS2p2hXiIJMLadJkxJTirX14nrZu8U8yXHoq5+u2yjjQ4A+fgEjigAurgHjRAE2DwDF7BO/iwXqw369P6WkRT1nLmFPyBNf0B8wmclg==</latexit>

h ⌘ c� 1

24
+ P 2

<latexit sha1_base64="KRrRtr6hf3m+lOPOI8WkSkl5XA8=">AAACBnicbVDLSgNBEJyNrxhfqx5FGAyCIIbdENFj0IvHCOYB2RhmJ73JkNmHM7OBsOzJi7/ixYMiXv0Gb/6Nk2QPmljQUFR1093lRpxJZVnfRm5peWV1Lb9e2Njc2t4xd/caMowFhToNeShaLpHAWQB1xRSHViSA+C6Hpju8nvjNEQjJwuBOjSPo+KQfMI9RorTUNQ8H2IGHmI2w4wlCE3pmp0m5kuJTXLsvd82iVbKmwIvEzkgRZah1zS+nF9LYh0BRTqRs21akOgkRilEOacGJJUSEDkkf2poGxAfZSaZvpPhYKz3shUJXoPBU/T2REF/Kse/qTp+ogZz3JuJ/XjtW3mUnYUEUKwjobJEXc6xCPMkE95gAqvhYE0IF07diOiA6DqWTK+gQ7PmXF0mjXLIrpfPbSrF6lcWRRwfoCJ0gG12gKrpBNVRHFD2iZ/SK3own48V4Nz5mrTkjm9lHf2B8/gC67Zdd</latexit>

<latexit sha1_base64="IDqya88+8YJroZArL5yRzmq7pqY=">AAACFXicbVBLSwMxGMzWV62vqkcvi0XwUErSl3oQil48VrAP2C4lm6ZtbPZBkhXKsn/Ci3/FiwdFvAre/Dem2z1o60BgmJkv+TJOwJlUEH4bmZXVtfWN7GZua3tndy+/f9CWfigIbRGf+6LrYEk582hLMcVpNxAUuw6nHWdyPfM7D1RI5nt3ahpQ28Ujjw0ZwUpL/Xwx6iWXWGLk2BEsweoFrKAiLKFypYZqmtRgHdWr8f0ljPv5gk4kMJcJSkkBpGj281+9gU9Cl3qKcCylhWCg7AgLxQinca4XShpgMsEjamnqYZdKO0oWis0TrQzMoS/08ZSZqL8nIuxKOXUdnXSxGstFbyb+51mhGp7bEfOCUFGPzB8ahtxUvjmryBwwQYniU00wEUzvapIxFpgoXWROl4AWv7xM2uUSqpeqt9VC4yqtIwuOwDE4BQicgQa4AU3QAgQ8gmfwCt6MJ+PFeDc+5tGMkc4cgj8wPn8Am/uaqw==</latexit> j =
0

<latexit sha1_base64="BnQJx41pR2H/B8/xwommtM0aNMk=">AAACFXicbVBLSwMxGMzWV62vqkcvwSJ4KMumL/UgFL14rGAfsF1KNs22sdkHSVYoS/+EF/+KFw+KeBW8+W9Mtz1o60BgmJkv+TJuxJlUlvVtZFZW19Y3spu5re2d3b38/kFLhrEgtElCHoqOiyXlLKBNxRSnnUhQ7Luctt3R9dRvP1AhWRjcqXFEHR8PAuYxgpWWevli0k0vscXAdRLLtCoXVhkVLROVylVU1aRq1VCtMrm/RJNevqATKeAyQXNSAHM0evmvbj8ksU8DRTiW0kZWpJwEC8UIp5NcN5Y0wmSEB9TWNMA+lU6SLjSBJ1rpQy8U+gQKpurviQT7Uo59Vyd9rIZy0ZuK/3l2rLxzJ2FBFCsakNlDXsyhCuG0IthnghLFx5pgIpjeFZIhFpgoXWROl4AWv7xMWiUT1czKbaVQv5rXkQVH4BicAgTOQB3cgAZoAgIewTN4BW/Gk/FivBsfs2jGmM8cgj8wPn8AnYCarA==</latexit> j
=
1

<latexit sha1_base64="jiMsGoRDp0n+Ee/bPybwWdV/f64=">AAACFXicbVBLSwMxGMzWV62vqkcvwSJ4KMumL/UgFL14rGAfsF1KNs22sdkHSVYoS/+EF/+KFw+KeBW8+W9Mtz1o60BgmJkv+TJuxJlUlvVtZFZW19Y3spu5re2d3b38/kFLhrEgtElCHoqOiyXlLKBNxRSnnUhQ7Luctt3R9dRvP1AhWRjcqXFEHR8PAuYxgpWWevli0k0vscXAdRLLtCoXVhkVLROVylVU1aRq1VCtMrm/LE16+YJOpIDLBM1JAczR6OW/uv2QxD4NFOFYShtZkXISLBQjnE5y3VjSCJMRHlBb0wD7VDpJutAEnmilD71Q6BMomKq/JxLsSzn2XZ30sRrKRW8q/ufZsfLOnYQFUaxoQGYPeTGHKoTTimCfCUoUH2uCiWB6V0iGWGCidJE5XQJa/PIyaZVMVDMrt5VC/WpeRxYcgWNwChA4A3VwAxqgCQh4BM/gFbwZT8aL8W58zKIZYz5zCP7A+PwBnwWarQ==</latexit> j =
2

<latexit sha1_base64="YIXg13Q2d84oBTtiHKgqfCoVMdM=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe4kqIVFwMYyARMDyRH2NnPJmr29Y3dPCEd+gY2FIrb+JDv/jZvkCk18MPB4b4aZeUEiuDau++0U1tY3NreK26Wd3b39g/LhUVvHqWLYYrGIVSegGgWX2DLcCOwkCmkUCHwIxrcz/+EJleaxvDeTBP2IDiUPOaPGSs1Rv1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7olJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jUZcIXMiIkllClubyVsRBVlxmZTsiF4yy+vkvZF1bus1pq1Sv0mj6MIJ3AK5+DBFdThDhrQAgYIz/AKb86j8+K8Ox+L1oKTzxzDHzifP88ZjO8=</latexit>

h

<latexit sha1_base64="5k6xsNth19wMs2kKduofZ2SgsuQ=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqexKUQ8eCl48VrAf0C4lm2bb2GyyJFmhLP0PXjwo4tX/481/Y9ruQVsfDDzem2FmXpgIbqznfaPC2vrG5lZxu7Szu7d/UD48ahmVasqaVAmlOyExTHDJmpZbwTqJZiQOBWuH49uZ335i2nAlH+wkYUFMhpJHnBLrpFYvJBqP+uWKV/XmwKvEz0kFcjT65a/eQNE0ZtJSQYzp+l5ig4xoy6lg01IvNSwhdEyGrOuoJDEzQTa/dorPnDLAkdKupMVz9fdERmJjJnHoOmNiR2bZm4n/ed3URtdBxmWSWibpYlGUCmwVnr2OB1wzasXEEUI1d7diOiKaUOsCKrkQ/OWXV0nroupfVmv3tUr9Jo+jCCdwCufgwxXU4Q4a0AQKj/AMr/CGFHpB7+hj0VpA+cwx/AH6/AEdnI7S</latexit>

h̄

Spectrum:

“Heavy” states:  
—> Dense, chaotic 
—> Dual to black holes

“Light” states:  
—> Sparse 
—> Dual to perturbative  
       excitations, conical  
       defect geometries, …Black hole threshold

[Dymarsky/Smolkin] … [Caputa/Magan/Patramanis] [Caputa/Datta] …

Setup



Setup
Consider the two-operator state for light primary operators in CFT2:

<latexit sha1_base64="zMWgMf6H3qsKEvgha3pD/HZCPuQ="></latexit>

|!WLVR→ = W (↑tw ↑ iω, xw)V (tv, xv)|0→

<latexit sha1_base64="LozqYKu4S1OaEXq/gLbnc20MLP4=">AAACE3icbZDLSsNAFIYnXmu9RV26CRZBRELSprdd0Y3LCvYCaSiT6aQdOrkwMxFKyDu48VXcuFDErRt3vo2TtAttPTDw8f/nzJz53YgSLgzjW1lb39jc2i7sFHf39g8O1aPjLg9jhnAHhTRkfRdyTEmAO4IIivsRw9B3Ke6505vM7z1gxkkY3ItZhB0fjgPiEQSFlIbqZTLIL7HZ2HUSQ282KrV69crQy81qvVHJwDJrlpX20qFaMnQjL20VzAWUwKLaQ/VrMApR7ONAIAo5t00jEk4CmSCI4rQ4iDmOIJrCMbYlBtDH3EnydVLtXCojzQuZPIHQcvX3RAJ9zme+Kzt9KCZ82cvE/zw7Fl7DSUgQxQIHaP6QF1NNhFoWkDYiDCNBZxIgYkTuqqEJZBAJGWNRhmAuf3kVumXdrOnWnVVqXS/iKIBTcAYugAnqoAVuQRt0AAKP4Bm8gjflSXlR3pWPeeuaspg5AX9K+fwBstaaPA==</latexit>

W
<latexit sha1_base64="ZFzk9KWmAc4Eoe3Bkg6ImyxgZ+I=">AAACE3icbVDLSgMxFM3UV62vUZdugkUQKcNMW9u6K7pxWcG2wnQomTRtQzMPkoxQhvkHN/6KGxeKuHXjzr8xnY6grRcCJ+ece3Nz3JBRIU3zS8utrK6tb+Q3C1vbO7t7+v5BRwQRx6SNAxbwOxcJwqhP2pJKRu5CTpDnMtJ1J1czvXtPuKCBfyunIXE8NPLpkGIkFdXXz+JeOsTmI9eJTaNcKZ/XGyXTqFWqF7VKyTLMtJJO0teLZnaDy+DHWARZtfr6Z28Q4MgjvsQMCWFbZiidGHFJMSNJoRcJEiI8QSNiK+gjjwgnTtdJ4IliBnAYcHV8CVP2d0eMPCGmnqucHpJjsajNyP80O5LDhhNTP4wk8fH8oWHEoAzgLCA4oJxgyaYKIMyp2hXiMeIISxVjQYVgLX55GXTKhlUzqjfVYvMyiyMPjsAxOAUWqIMmuAYt0AYYPIAn8AJetUftWXvT3ufWnJb1HII/pX18A3wbmhk=</latexit>

V

<latexit sha1_base64="NVO6Zscc0m6LkB37wQmFueAwt+s=">AAACFXicbZDLSgMxFIYz9VbrrerSzWARXJQhM/ZiwUXBjcsK9gLtMGTStA3NZIYkUyjDvIQbX8WNC0XcCu58G9PLQlsPBD7+/5zk5PcjRqWC8NvIbGxube9kd3N7+weHR/njk5YMY4FJE4csFB0fScIoJ01FFSOdSBAU+Iy0/fHtzG9PiJA05A9qGhE3QENOBxQjpSUvX0x680u6Yui7CbQcx6napSK0KvCq5tQ01MpluwxT5U1SL1+AFpyXuQ72EgpgWQ0v/9XrhzgOCFeYISm7NoyUmyChKGYkzfViSSKEx2hIuho5Coh0k/lCqXmhlb45CIU+XJlz9fdEggIpp4GvOwOkRnLVm4n/ed1YDa7dhPIoVoTjxUODmJkqNGcRmX0qCFZsqgFhQfWuJh4hgbDSQeZ0CPbql9eh5Vh2xSrdlwr1m2UcWXAGzsElsEEV1MEdaIAmwOARPINX8GY8GS/Gu/GxaM0Yy5lT8KeMzx9g8Zsn</latexit>

tv
<latexit sha1_base64="GCyOmCd2AcMFtXOOFKnRIROsEwU=">AAACFnicbZDLSgMxFIYz9VbrbdSlm8EiuLBDph1rCy4KblxWsK3QDiWTZtrQzIUko5ShT+HGV3HjQhG34s63MTPtQlsPBD7+/5zk5HcjRoWE8FvLrayurW/kNwtb2zu7e/r+QVuEMcekhUMW8jsXCcJoQFqSSkbuIk6Q7zLSccdXqd+5J1zQMLiVk4g4PhoG1KMYSSX19VLSyy7p8qHrJNCsV85t2zqDZrkGK1Y1hQos16vTkuw/TPt6EZowK2MZrDkUwbyaff2rNwhx7JNAYoaE6Fowkk6CuKSYkWmhFwsSITxGQ9JVGCCfCCfJNpoaJ0oZGF7I1Qmkkam/JxLkCzHxXdXpIzkSi14q/ud1Y+nVnIQGUSxJgGcPeTEzZGikGRkDygmWbKIAYU7VrgYeIY6wVEkWVAjW4peXoV02rapp39jFxuU8jjw4AsfgFFjgAjTANWiCFsDgETyDV/CmPWkv2rv2MWvNafOZQ/CntM8f0bibWw==</latexit>→tw

Rindler time evolution:

<latexit sha1_base64="ZFzk9KWmAc4Eoe3Bkg6ImyxgZ+I=">AAACE3icbVDLSgMxFM3UV62vUZdugkUQKcNMW9u6K7pxWcG2wnQomTRtQzMPkoxQhvkHN/6KGxeKuHXjzr8xnY6grRcCJ+ece3Nz3JBRIU3zS8utrK6tb+Q3C1vbO7t7+v5BRwQRx6SNAxbwOxcJwqhP2pJKRu5CTpDnMtJ1J1czvXtPuKCBfyunIXE8NPLpkGIkFdXXz+JeOsTmI9eJTaNcKZ/XGyXTqFWqF7VKyTLMtJJO0teLZnaDy+DHWARZtfr6Z28Q4MgjvsQMCWFbZiidGHFJMSNJoRcJEiI8QSNiK+gjjwgnTtdJ4IliBnAYcHV8CVP2d0eMPCGmnqucHpJjsajNyP80O5LDhhNTP4wk8fH8oWHEoAzgLCA4oJxgyaYKIMyp2hXiMeIISxVjQYVgLX55GXTKhlUzqjfVYvMyiyMPjsAxOAUWqIMmuAYt0AYYPIAn8AJetUftWXvT3ufWnJb1HII/pX18A3wbmhk=</latexit>

V
<latexit sha1_base64="LozqYKu4S1OaEXq/gLbnc20MLP4=">AAACE3icbZDLSsNAFIYnXmu9RV26CRZBRELSprdd0Y3LCvYCaSiT6aQdOrkwMxFKyDu48VXcuFDErRt3vo2TtAttPTDw8f/nzJz53YgSLgzjW1lb39jc2i7sFHf39g8O1aPjLg9jhnAHhTRkfRdyTEmAO4IIivsRw9B3Ke6505vM7z1gxkkY3ItZhB0fjgPiEQSFlIbqZTLIL7HZ2HUSQ282KrV69crQy81qvVHJwDJrlpX20qFaMnQjL20VzAWUwKLaQ/VrMApR7ONAIAo5t00jEk4CmSCI4rQ4iDmOIJrCMbYlBtDH3EnydVLtXCojzQuZPIHQcvX3RAJ9zme+Kzt9KCZ82cvE/zw7Fl7DSUgQxQIHaP6QF1NNhFoWkDYiDCNBZxIgYkTuqqEJZBAJGWNRhmAuf3kVumXdrOnWnVVqXS/iKIBTcAYugAnqoAVuQRt0AAKP4Bm8gjflSXlR3pWPeeuaspg5AX9K+fwBstaaPA==</latexit>

W

AdS3 shockwaves:

<latexit sha1_base64="e7yvH4sWxYK7TmoSnVx6LdfqJPk=">AAAB+nicbVDLSgNBEJz1GeNro0cvg0GIEMKuBPWQQ8CLxwjmAcmyzE5mkyGzD2Z6E8KaT/HiQRGvfok3/8ZJsgdNLGgoqrrp7vJiwRVY1rexsbm1vbOb28vvHxweHZuFk5aKEklZk0Yikh2PKCZ4yJrAQbBOLBkJPMHa3uhu7rfHTCoehY8wjZkTkEHIfU4JaMk1CyVwxzWrjHtlDO6kZl26ZtGqWAvgdWJnpIgyNFzzq9ePaBKwEKggSnVtKwYnJRI4FWyW7yWKxYSOyIB1NQ1JwJSTLk6f4Qut9LEfSV0h4IX6eyIlgVLTwNOdAYGhWvXm4n9eNwH/1kl5GCfAQrpc5CcCQ4TnOeA+l4yCmGpCqOT6VkyHRBIKOq28DsFefXmdtK4q9nWl+lAt1mtZHDl0hs5RCdnoBtXRPWqgJqJogp7RK3oznowX4934WLZuGNnMKfoD4/MHOseSCA==</latexit>

(tv < 0, tw < 0)



Setup

<latexit sha1_base64="zMWgMf6H3qsKEvgha3pD/HZCPuQ="></latexit>

|!WLVR→ = W (↑tw ↑ iω, xw)V (tv, xv)|0→

Decompose into irreps of the Virasoro algebra  
(operator product expansion):

<latexit sha1_base64="R5mApO220ZgTMe10kYQw8pasUSY="></latexit>

|!WLVR→ ↑
∑

Os

Cwvs |BWVOs(tw, xw; tv, xv)→

OPE coefficients

<latexit sha1_base64="LozqYKu4S1OaEXq/gLbnc20MLP4=">AAACE3icbZDLSsNAFIYnXmu9RV26CRZBRELSprdd0Y3LCvYCaSiT6aQdOrkwMxFKyDu48VXcuFDErRt3vo2TtAttPTDw8f/nzJz53YgSLgzjW1lb39jc2i7sFHf39g8O1aPjLg9jhnAHhTRkfRdyTEmAO4IIivsRw9B3Ke6505vM7z1gxkkY3ItZhB0fjgPiEQSFlIbqZTLIL7HZ2HUSQ282KrV69crQy81qvVHJwDJrlpX20qFaMnQjL20VzAWUwKLaQ/VrMApR7ONAIAo5t00jEk4CmSCI4rQ4iDmOIJrCMbYlBtDH3EnydVLtXCojzQuZPIHQcvX3RAJ9zme+Kzt9KCZ82cvE/zw7Fl7DSUgQxQIHaP6QF1NNhFoWkDYiDCNBZxIgYkTuqqEJZBAJGWNRhmAuf3kVumXdrOnWnVVqXS/iKIBTcAYugAnqoAVuQRt0AAKP4Bm8gjflSXlR3pWPeeuaspg5AX9K+fwBstaaPA==</latexit>

W

<latexit sha1_base64="ZFzk9KWmAc4Eoe3Bkg6ImyxgZ+I=">AAACE3icbVDLSgMxFM3UV62vUZdugkUQKcNMW9u6K7pxWcG2wnQomTRtQzMPkoxQhvkHN/6KGxeKuHXjzr8xnY6grRcCJ+ece3Nz3JBRIU3zS8utrK6tb+Q3C1vbO7t7+v5BRwQRx6SNAxbwOxcJwqhP2pJKRu5CTpDnMtJ1J1czvXtPuKCBfyunIXE8NPLpkGIkFdXXz+JeOsTmI9eJTaNcKZ/XGyXTqFWqF7VKyTLMtJJO0teLZnaDy+DHWARZtfr6Z28Q4MgjvsQMCWFbZiidGHFJMSNJoRcJEiI8QSNiK+gjjwgnTtdJ4IliBnAYcHV8CVP2d0eMPCGmnqucHpJjsajNyP80O5LDhhNTP4wk8fH8oWHEoAzgLCA4oJxgyaYKIMyp2hXiMeIISxVjQYVgLX55GXTKhlUzqjfVYvMyiyMPjsAxOAUWqIMmuAYt0AYYPIAn8AJetUftWXvT3ufWnJb1HII/pX18A3wbmhk=</latexit>

V

<latexit sha1_base64="OBx+8LO3lurHGTPY60awjbD3/jY=">AAAB8XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E1MIiYGNnBPOByRH2NnPJkr29Y3dPCEf+hY2FIrb+Gzv/jZvkCk18MPB4b4aZeUEiuDau++0UVlbX1jeKm6Wt7Z3dvfL+QVPHqWLYYLGIVTugGgWX2DDcCGwnCmkUCGwFo5up33pCpXksH8w4QT+iA8lDzqix0mPWZVSQu0lP98oVt+rOQJaJl5MK5Kj3yl/dfszSCKVhgmrd8dzE+BlVhjOBk1I31ZhQNqID7FgqaYTaz2YXT8iJVfokjJUtachM/T2R0UjrcRTYzoiaoV70puJ/Xic14ZWfcZmkBiWbLwpTQUxMpu+TPlfIjBhbQpni9lbChlRRZmxIJRuCt/jyMmmeVb2L6vn9eaV2ncdRhCM4hlPw4BJqcAt1aAADCc/wCm+Odl6cd+dj3lpw8plD+APn8wdF0pCm</latexit>

Os<latexit sha1_base64="4BsaFEQui3TngnY6Dx1yafPxKFY=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFoNgFe4kqIVFII1lBPMByRH2Nptkyd7esTsXCUd+hI2FIrb+Hjv/jZvkCk18MPB4b4aZeUEshUHX/XZyG5tb2zv53cLe/sHhUfH4pGmiRDPeYJGMdDughkuheAMFSt6ONadhIHkrGNfmfmvCtRGResRpzP2QDpUYCEbRSq1aL32amFmvWHLL7gJknXgZKUGGeq/41e1HLAm5QiapMR3PjdFPqUbBJJ8VuonhMWVjOuQdSxUNufHTxbkzcmGVPhlE2pZCslB/T6Q0NGYaBrYzpDgyq95c/M/rJDi49VOh4gS5YstFg0QSjMj8d9IXmjOUU0so08LeStiIasrQJlSwIXirL6+T5lXZuy5XHiql6l0WRx7O4BwuwYMbqMI91KEBDMbwDK/w5sTOi/PufCxbc042cwp/4Hz+AJo/j70=</latexit>

Cwvs

OPE blocks

How does the “wavefunction” on the space of               
depend on                        ? 

<latexit sha1_base64="XssaLxH/GSRvJjel1BhGOZoBxK8=">AAACAHicbZDLSsNAFIZPvNZ6i7pw4WawCK5KIkVduCi6cWcFe4E2hMl00g6dTMLMRCghG1/FjQtF3PoY7nwbp20W2vrDwMd/zuHM+YOEM6Ud59taWl5ZXVsvbZQ3t7Z3du29/ZaKU0lok8Q8lp0AK8qZoE3NNKedRFIcBZy2g9HNpN5+pFKxWDzocUK9CA8ECxnB2li+fZj1COboOvezdmvGd7mvct+uOFVnKrQIbgEVKNTw7a9ePyZpRIUmHCvVdZ1EexmWmhFO83IvVTTBZIQHtGtQ4IgqL5sekKMT4/RRGEvzhEZT9/dEhiOlxlFgOiOsh2q+NjH/q3VTHV56GRNJqqkgs0VhypGO0SQN1GeSEs3HBjCRzPwVkSGWmGiTWdmE4M6fvAits6p7Xq3d1yr1qyKOEhzBMZyCCxdQh1toQBMI5PAMr/BmPVkv1rv1MWtdsoqZA/gj6/MHYAuWQw==</latexit>

BWVOs
<latexit sha1_base64="q9WNdwkDXnadWj4oEAxVIMv+MvA=">AAAB+XicbVBNS8NAEN34WetX1KOXxSJ4sSRS1IOHghePFewHtCFstpt26WYTdyeREvpPvHhQxKv/xJv/xm2bg7Y+GHi8N8PMvCARXIPjfFsrq2vrG5ulrfL2zu7evn1w2NJxqihr0ljEqhMQzQSXrAkcBOskipEoEKwdjG6nfjtjSvNYPsA4YV5EBpKHnBIwkm/b0GOPKc/wOfiZqSffrjhVZwa8TNyCVFCBhm9/9foxTSMmgQqiddd1EvByooBTwSblXqpZQuiIDFjXUEkipr18dvkEnxqlj8NYmZKAZ+rviZxEWo+jwHRGBIZ60ZuK/3ndFMJrL+cySYFJOl8UpgJDjKcx4D5XjIIYG0Ko4uZWTIdEEQomrLIJwV18eZm0LqruZbV2X6vUb4o4SugYnaAz5KIrVEd3qIGaiKIMPaNX9Gbl1ov1bn3MW1esYuYI/YH1+QMkx5NV</latexit>

t → ↑tv ↑ tw

Consider the two-operator state for light primary operators in CFT2:
<latexit sha1_base64="e7yvH4sWxYK7TmoSnVx6LdfqJPk=">AAAB+nicbVDLSgNBEJz1GeNro0cvg0GIEMKuBPWQQ8CLxwjmAcmyzE5mkyGzD2Z6E8KaT/HiQRGvfok3/8ZJsgdNLGgoqrrp7vJiwRVY1rexsbm1vbOb28vvHxweHZuFk5aKEklZk0Yikh2PKCZ4yJrAQbBOLBkJPMHa3uhu7rfHTCoehY8wjZkTkEHIfU4JaMk1CyVwxzWrjHtlDO6kZl26ZtGqWAvgdWJnpIgyNFzzq9ePaBKwEKggSnVtKwYnJRI4FWyW7yWKxYSOyIB1NQ1JwJSTLk6f4Qut9LEfSV0h4IX6eyIlgVLTwNOdAYGhWvXm4n9eNwH/1kl5GCfAQrpc5CcCQ4TnOeA+l4yCmGpCqOT6VkyHRBIKOq28DsFefXmdtK4q9nWl+lAt1mtZHDl0hs5RCdnoBtXRPWqgJqJogp7RK3oznowX4934WLZuGNnMKfoD4/MHOseSCA==</latexit>

(tv < 0, tw < 0)



Self-overlap
Compute self-overlap of               : 

<latexit sha1_base64="UhXaD+uUiRL9G5cDY/l77pGoE7k=">AAAB/nicbVBNS8NAEN3Ur1q/ouLJy2IRPJVEinrwUPDiwUMV+wFNCJvttF262YTdjVBiwb/ixYMiXv0d3vw3btsctPXBwOO9GWbmhQlnSjvOt1VYWl5ZXSuulzY2t7Z37N29popTSaFBYx7LdkgUcCagoZnm0E4kkCjk0AqHVxO/9QBSsVjc61ECfkT6gvUYJdpIgX3w6NUVC7JWcNMM7saeJKLPIbDLTsWZAi8SNydllKMe2F9eN6ZpBEJTTpTquE6i/YxIzSiHcclLFSSEDkkfOoYKEoHys+n5Y3xslC7uxdKU0Hiq/p7ISKTUKApNZ0T0QM17E/E/r5Pq3oWfMZGkGgSdLeqlHOsYT7LAXSaBaj4yhFDJzK2YDogkVJvESiYEd/7lRdI8rbhnlepttVy7zOMookN0hE6Qi85RDV2jOmogijL0jF7Rm/VkvVjv1sestWDlM/voD6zPH1Zllbk=</latexit>

|!WLVR→

<latexit sha1_base64="+Q/w80QyiD23YBCn2GqBUZN5zNk="></latexit>

F =
→!WLVR |!WLVR↑

→V V ↑→WW ↑ =
tr
(
W †W ω

1
2 V †V ω

1
2

)

tr (V †V ω) tr (W †W ω)

<latexit sha1_base64="LozqYKu4S1OaEXq/gLbnc20MLP4=">AAACE3icbZDLSsNAFIYnXmu9RV26CRZBRELSprdd0Y3LCvYCaSiT6aQdOrkwMxFKyDu48VXcuFDErRt3vo2TtAttPTDw8f/nzJz53YgSLgzjW1lb39jc2i7sFHf39g8O1aPjLg9jhnAHhTRkfRdyTEmAO4IIivsRw9B3Ke6505vM7z1gxkkY3ItZhB0fjgPiEQSFlIbqZTLIL7HZ2HUSQ282KrV69crQy81qvVHJwDJrlpX20qFaMnQjL20VzAWUwKLaQ/VrMApR7ONAIAo5t00jEk4CmSCI4rQ4iDmOIJrCMbYlBtDH3EnydVLtXCojzQuZPIHQcvX3RAJ9zme+Kzt9KCZ82cvE/zw7Fl7DSUgQxQIHaP6QF1NNhFoWkDYiDCNBZxIgYkTuqqEJZBAJGWNRhmAuf3kVumXdrOnWnVVqXS/iKIBTcAYugAnqoAVuQRt0AAKP4Bm8gjflSXlR3pWPeeuaspg5AX9K+fwBstaaPA==</latexit>

W
<latexit sha1_base64="ZFzk9KWmAc4Eoe3Bkg6ImyxgZ+I=">AAACE3icbVDLSgMxFM3UV62vUZdugkUQKcNMW9u6K7pxWcG2wnQomTRtQzMPkoxQhvkHN/6KGxeKuHXjzr8xnY6grRcCJ+ece3Nz3JBRIU3zS8utrK6tb+Q3C1vbO7t7+v5BRwQRx6SNAxbwOxcJwqhP2pJKRu5CTpDnMtJ1J1czvXtPuKCBfyunIXE8NPLpkGIkFdXXz+JeOsTmI9eJTaNcKZ/XGyXTqFWqF7VKyTLMtJJO0teLZnaDy+DHWARZtfr6Z28Q4MgjvsQMCWFbZiidGHFJMSNJoRcJEiI8QSNiK+gjjwgnTtdJ4IliBnAYcHV8CVP2d0eMPCGmnqucHpJjsajNyP80O5LDhhNTP4wk8fH8oWHEoAzgLCA4oJxgyaYKIMyp2hXiMeIISxVjQYVgLX55GXTKhlUzqjfVYvMyiyMPjsAxOAUWqIMmuAYt0AYYPIAn8AJetUftWXvT3ufWnJb1HII/pX18A3wbmhk=</latexit>

V

<latexit sha1_base64="ZFzk9KWmAc4Eoe3Bkg6ImyxgZ+I=">AAACE3icbVDLSgMxFM3UV62vUZdugkUQKcNMW9u6K7pxWcG2wnQomTRtQzMPkoxQhvkHN/6KGxeKuHXjzr8xnY6grRcCJ+ece3Nz3JBRIU3zS8utrK6tb+Q3C1vbO7t7+v5BRwQRx6SNAxbwOxcJwqhP2pJKRu5CTpDnMtJ1J1czvXtPuKCBfyunIXE8NPLpkGIkFdXXz+JeOsTmI9eJTaNcKZ/XGyXTqFWqF7VKyTLMtJJO0teLZnaDy+DHWARZtfr6Z28Q4MgjvsQMCWFbZiidGHFJMSNJoRcJEiI8QSNiK+gjjwgnTtdJ4IliBnAYcHV8CVP2d0eMPCGmnqucHpJjsajNyP80O5LDhhNTP4wk8fH8oWHEoAzgLCA4oJxgyaYKIMyp2hXiMeIISxVjQYVgLX55GXTKhlUzqjfVYvMyiyMPjsAxOAUWqIMmuAYt0AYYPIAn8AJetUftWXvT3ufWnJb1HII/pX18A3wbmhk=</latexit>

V

<latexit sha1_base64="LozqYKu4S1OaEXq/gLbnc20MLP4=">AAACE3icbZDLSsNAFIYnXmu9RV26CRZBRELSprdd0Y3LCvYCaSiT6aQdOrkwMxFKyDu48VXcuFDErRt3vo2TtAttPTDw8f/nzJz53YgSLgzjW1lb39jc2i7sFHf39g8O1aPjLg9jhnAHhTRkfRdyTEmAO4IIivsRw9B3Ke6505vM7z1gxkkY3ItZhB0fjgPiEQSFlIbqZTLIL7HZ2HUSQ282KrV69crQy81qvVHJwDJrlpX20qFaMnQjL20VzAWUwKLaQ/VrMApR7ONAIAo5t00jEk4CmSCI4rQ4iDmOIJrCMbYlBtDH3EnydVLtXCojzQuZPIHQcvX3RAJ9zme+Kzt9KCZ82cvE/zw7Fl7DSUgQxQIHaP6QF1NNhFoWkDYiDCNBZxIgYkTuqqEJZBAJGWNRhmAuf3kVumXdrOnWnVVqXS/iKIBTcAYugAnqoAVuQRt0AAKP4Bm8gjflSXlR3pWPeeuaspg5AX9K+fwBstaaPA==</latexit>

W

<latexit sha1_base64="guZ4+n6vyM9b7VsYmi9wUR/oFEE=">AAAB8HicbVA9SwNBEJ3zM8avqKXNYhBsjHchqIVFwMYygvmQ5Ah7m7lkye7dsbsnhJBfYWOhiK0/x85/4ya5QhMfDDzem2FmXpAIro3rfjsrq2vrG5u5rfz2zu7efuHgsKHjVDGss1jEqhVQjYJHWDfcCGwlCqkMBDaD4e3Ubz6h0jyOHswoQV/SfsRDzqix0uM57wRo6EW5Wyi6JXcGsky8jBQhQ61b+Or0YpZKjAwTVOu25ybGH1NlOBM4yXdSjQllQ9rHtqURlaj98ezgCTm1So+EsbIVGTJTf0+MqdR6JAPbKakZ6EVvKv7ntVMTXvtjHiWpwYjNF4WpICYm0+9JjytkRowsoUxxeythA6ooMzajvA3BW3x5mTTKJe+yVLmvFKs3WRw5OIYTOAMPrqAKd1CDOjCQ8Ayv8OYo58V5dz7mrStONnMEf+B8/gDXko/G</latexit>

→iω/2

<latexit sha1_base64="guZ4+n6vyM9b7VsYmi9wUR/oFEE=">AAAB8HicbVA9SwNBEJ3zM8avqKXNYhBsjHchqIVFwMYygvmQ5Ah7m7lkye7dsbsnhJBfYWOhiK0/x85/4ya5QhMfDDzem2FmXpAIro3rfjsrq2vrG5u5rfz2zu7efuHgsKHjVDGss1jEqhVQjYJHWDfcCGwlCqkMBDaD4e3Ubz6h0jyOHswoQV/SfsRDzqix0uM57wRo6EW5Wyi6JXcGsky8jBQhQ61b+Or0YpZKjAwTVOu25ybGH1NlOBM4yXdSjQllQ9rHtqURlaj98ezgCTm1So+EsbIVGTJTf0+MqdR6JAPbKakZ6EVvKv7ntVMTXvtjHiWpwYjNF4WpICYm0+9JjytkRowsoUxxeythA6ooMzajvA3BW3x5mTTKJe+yVLmvFKs3WRw5OIYTOAMPrqAKd1CDOjCQ8Ayv8OYo58V5dz7mrStONnMEf+B8/gDXko/G</latexit>

→iω/2

—> not an OTOC!  
—> time ordered



Self-overlap
Compute self-overlap of               : 

<latexit sha1_base64="UhXaD+uUiRL9G5cDY/l77pGoE7k=">AAAB/nicbVBNS8NAEN3Ur1q/ouLJy2IRPJVEinrwUPDiwUMV+wFNCJvttF262YTdjVBiwb/ixYMiXv0d3vw3btsctPXBwOO9GWbmhQlnSjvOt1VYWl5ZXSuulzY2t7Z37N29popTSaFBYx7LdkgUcCagoZnm0E4kkCjk0AqHVxO/9QBSsVjc61ECfkT6gvUYJdpIgX3w6NUVC7JWcNMM7saeJKLPIbDLTsWZAi8SNydllKMe2F9eN6ZpBEJTTpTquE6i/YxIzSiHcclLFSSEDkkfOoYKEoHys+n5Y3xslC7uxdKU0Hiq/p7ISKTUKApNZ0T0QM17E/E/r5Pq3oWfMZGkGgSdLeqlHOsYT7LAXSaBaj4yhFDJzK2YDogkVJvESiYEd/7lRdI8rbhnlepttVy7zOMookN0hE6Qi85RDV2jOmogijL0jF7Rm/VkvVjv1sestWDlM/voD6zPH1Zllbk=</latexit>

|!WLVR→

<latexit sha1_base64="+Q/w80QyiD23YBCn2GqBUZN5zNk="></latexit>

F =
→!WLVR |!WLVR↑

→V V ↑→WW ↑ =
tr
(
W †W ω

1
2 V †V ω

1
2

)

tr (V †V ω) tr (W †W ω)

<latexit sha1_base64="LozqYKu4S1OaEXq/gLbnc20MLP4=">AAACE3icbZDLSsNAFIYnXmu9RV26CRZBRELSprdd0Y3LCvYCaSiT6aQdOrkwMxFKyDu48VXcuFDErRt3vo2TtAttPTDw8f/nzJz53YgSLgzjW1lb39jc2i7sFHf39g8O1aPjLg9jhnAHhTRkfRdyTEmAO4IIivsRw9B3Ke6505vM7z1gxkkY3ItZhB0fjgPiEQSFlIbqZTLIL7HZ2HUSQ282KrV69crQy81qvVHJwDJrlpX20qFaMnQjL20VzAWUwKLaQ/VrMApR7ONAIAo5t00jEk4CmSCI4rQ4iDmOIJrCMbYlBtDH3EnydVLtXCojzQuZPIHQcvX3RAJ9zme+Kzt9KCZ82cvE/zw7Fl7DSUgQxQIHaP6QF1NNhFoWkDYiDCNBZxIgYkTuqqEJZBAJGWNRhmAuf3kVumXdrOnWnVVqXS/iKIBTcAYugAnqoAVuQRt0AAKP4Bm8gjflSXlR3pWPeeuaspg5AX9K+fwBstaaPA==</latexit>

W
<latexit sha1_base64="ZFzk9KWmAc4Eoe3Bkg6ImyxgZ+I=">AAACE3icbVDLSgMxFM3UV62vUZdugkUQKcNMW9u6K7pxWcG2wnQomTRtQzMPkoxQhvkHN/6KGxeKuHXjzr8xnY6grRcCJ+ece3Nz3JBRIU3zS8utrK6tb+Q3C1vbO7t7+v5BRwQRx6SNAxbwOxcJwqhP2pJKRu5CTpDnMtJ1J1czvXtPuKCBfyunIXE8NPLpkGIkFdXXz+JeOsTmI9eJTaNcKZ/XGyXTqFWqF7VKyTLMtJJO0teLZnaDy+DHWARZtfr6Z28Q4MgjvsQMCWFbZiidGHFJMSNJoRcJEiI8QSNiK+gjjwgnTtdJ4IliBnAYcHV8CVP2d0eMPCGmnqucHpJjsajNyP80O5LDhhNTP4wk8fH8oWHEoAzgLCA4oJxgyaYKIMyp2hXiMeIISxVjQYVgLX55GXTKhlUzqjfVYvMyiyMPjsAxOAUWqIMmuAYt0AYYPIAn8AJetUftWXvT3ufWnJb1HII/pX18A3wbmhk=</latexit>

V

<latexit sha1_base64="ZFzk9KWmAc4Eoe3Bkg6ImyxgZ+I=">AAACE3icbVDLSgMxFM3UV62vUZdugkUQKcNMW9u6K7pxWcG2wnQomTRtQzMPkoxQhvkHN/6KGxeKuHXjzr8xnY6grRcCJ+ece3Nz3JBRIU3zS8utrK6tb+Q3C1vbO7t7+v5BRwQRx6SNAxbwOxcJwqhP2pJKRu5CTpDnMtJ1J1czvXtPuKCBfyunIXE8NPLpkGIkFdXXz+JeOsTmI9eJTaNcKZ/XGyXTqFWqF7VKyTLMtJJO0teLZnaDy+DHWARZtfr6Z28Q4MgjvsQMCWFbZiidGHFJMSNJoRcJEiI8QSNiK+gjjwgnTtdJ4IliBnAYcHV8CVP2d0eMPCGmnqucHpJjsajNyP80O5LDhhNTP4wk8fH8oWHEoAzgLCA4oJxgyaYKIMyp2hXiMeIISxVjQYVgLX55GXTKhlUzqjfVYvMyiyMPjsAxOAUWqIMmuAYt0AYYPIAn8AJetUftWXvT3ufWnJb1HII/pX18A3wbmhk=</latexit>

V

<latexit sha1_base64="LozqYKu4S1OaEXq/gLbnc20MLP4=">AAACE3icbZDLSsNAFIYnXmu9RV26CRZBRELSprdd0Y3LCvYCaSiT6aQdOrkwMxFKyDu48VXcuFDErRt3vo2TtAttPTDw8f/nzJz53YgSLgzjW1lb39jc2i7sFHf39g8O1aPjLg9jhnAHhTRkfRdyTEmAO4IIivsRw9B3Ke6505vM7z1gxkkY3ItZhB0fjgPiEQSFlIbqZTLIL7HZ2HUSQ282KrV69crQy81qvVHJwDJrlpX20qFaMnQjL20VzAWUwKLaQ/VrMApR7ONAIAo5t00jEk4CmSCI4rQ4iDmOIJrCMbYlBtDH3EnydVLtXCojzQuZPIHQcvX3RAJ9zme+Kzt9KCZ82cvE/zw7Fl7DSUgQxQIHaP6QF1NNhFoWkDYiDCNBZxIgYkTuqqEJZBAJGWNRhmAuf3kVumXdrOnWnVVqXS/iKIBTcAYugAnqoAVuQRt0AAKP4Bm8gjflSXlR3pWPeeuaspg5AX9K+fwBstaaPA==</latexit>

W

<latexit sha1_base64="guZ4+n6vyM9b7VsYmi9wUR/oFEE=">AAAB8HicbVA9SwNBEJ3zM8avqKXNYhBsjHchqIVFwMYygvmQ5Ah7m7lkye7dsbsnhJBfYWOhiK0/x85/4ya5QhMfDDzem2FmXpAIro3rfjsrq2vrG5u5rfz2zu7efuHgsKHjVDGss1jEqhVQjYJHWDfcCGwlCqkMBDaD4e3Ubz6h0jyOHswoQV/SfsRDzqix0uM57wRo6EW5Wyi6JXcGsky8jBQhQ61b+Or0YpZKjAwTVOu25ybGH1NlOBM4yXdSjQllQ9rHtqURlaj98ezgCTm1So+EsbIVGTJTf0+MqdR6JAPbKakZ6EVvKv7ntVMTXvtjHiWpwYjNF4WpICYm0+9JjytkRowsoUxxeythA6ooMzajvA3BW3x5mTTKJe+yVLmvFKs3WRw5OIYTOAMPrqAKd1CDOjCQ8Ayv8OYo58V5dz7mrStONnMEf+B8/gDXko/G</latexit>

→iω/2

<latexit sha1_base64="guZ4+n6vyM9b7VsYmi9wUR/oFEE=">AAAB8HicbVA9SwNBEJ3zM8avqKXNYhBsjHchqIVFwMYygvmQ5Ah7m7lkye7dsbsnhJBfYWOhiK0/x85/4ya5QhMfDDzem2FmXpAIro3rfjsrq2vrG5u5rfz2zu7efuHgsKHjVDGss1jEqhVQjYJHWDfcCGwlCqkMBDaD4e3Ubz6h0jyOHswoQV/SfsRDzqix0uM57wRo6EW5Wyi6JXcGsky8jBQhQ61b+Or0YpZKjAwTVOu25ybGH1NlOBM4yXdSjQllQ9rHtqURlaj98ezgCTm1So+EsbIVGTJTf0+MqdR6JAPbKakZ6EVvKv7ntVMTXvtjHiWpwYjNF4WpICYm0+9JjytkRowsoUxxeythA6ooMzajvA3BW3x5mTTKJe+yVLmvFKs3WRw5OIYTOAMPrqAKd1CDOjCQ8Ayv8OYo58V5dz7mrStONnMEf+B8/gDXko/G</latexit>

→iω/2

—> not an OTOC!  
—> time ordered

“t-channel” “s-channel”

<latexit sha1_base64="LozqYKu4S1OaEXq/gLbnc20MLP4=">AAACE3icbZDLSsNAFIYnXmu9RV26CRZBRELSprdd0Y3LCvYCaSiT6aQdOrkwMxFKyDu48VXcuFDErRt3vo2TtAttPTDw8f/nzJz53YgSLgzjW1lb39jc2i7sFHf39g8O1aPjLg9jhnAHhTRkfRdyTEmAO4IIivsRw9B3Ke6505vM7z1gxkkY3ItZhB0fjgPiEQSFlIbqZTLIL7HZ2HUSQ282KrV69crQy81qvVHJwDJrlpX20qFaMnQjL20VzAWUwKLaQ/VrMApR7ONAIAo5t00jEk4CmSCI4rQ4iDmOIJrCMbYlBtDH3EnydVLtXCojzQuZPIHQcvX3RAJ9zme+Kzt9KCZ82cvE/zw7Fl7DSUgQxQIHaP6QF1NNhFoWkDYiDCNBZxIgYkTuqqEJZBAJGWNRhmAuf3kVumXdrOnWnVVqXS/iKIBTcAYugAnqoAVuQRt0AAKP4Bm8gjflSXlR3pWPeeuaspg5AX9K+fwBstaaPA==</latexit>

W

<latexit sha1_base64="ZFzk9KWmAc4Eoe3Bkg6ImyxgZ+I=">AAACE3icbVDLSgMxFM3UV62vUZdugkUQKcNMW9u6K7pxWcG2wnQomTRtQzMPkoxQhvkHN/6KGxeKuHXjzr8xnY6grRcCJ+ece3Nz3JBRIU3zS8utrK6tb+Q3C1vbO7t7+v5BRwQRx6SNAxbwOxcJwqhP2pJKRu5CTpDnMtJ1J1czvXtPuKCBfyunIXE8NPLpkGIkFdXXz+JeOsTmI9eJTaNcKZ/XGyXTqFWqF7VKyTLMtJJO0teLZnaDy+DHWARZtfr6Z28Q4MgjvsQMCWFbZiidGHFJMSNJoRcJEiI8QSNiK+gjjwgnTtdJ4IliBnAYcHV8CVP2d0eMPCGmnqucHpJjsajNyP80O5LDhhNTP4wk8fH8oWHEoAzgLCA4oJxgyaYKIMyp2hXiMeIISxVjQYVgLX55GXTKhlUzqjfVYvMyiyMPjsAxOAUWqIMmuAYt0AYYPIAn8AJetUftWXvT3ufWnJb1HII/pX18A3wbmhk=</latexit>

V

<latexit sha1_base64="ZFzk9KWmAc4Eoe3Bkg6ImyxgZ+I=">AAACE3icbVDLSgMxFM3UV62vUZdugkUQKcNMW9u6K7pxWcG2wnQomTRtQzMPkoxQhvkHN/6KGxeKuHXjzr8xnY6grRcCJ+ece3Nz3JBRIU3zS8utrK6tb+Q3C1vbO7t7+v5BRwQRx6SNAxbwOxcJwqhP2pJKRu5CTpDnMtJ1J1czvXtPuKCBfyunIXE8NPLpkGIkFdXXz+JeOsTmI9eJTaNcKZ/XGyXTqFWqF7VKyTLMtJJO0teLZnaDy+DHWARZtfr6Z28Q4MgjvsQMCWFbZiidGHFJMSNJoRcJEiI8QSNiK+gjjwgnTtdJ4IliBnAYcHV8CVP2d0eMPCGmnqucHpJjsajNyP80O5LDhhNTP4wk8fH8oWHEoAzgLCA4oJxgyaYKIMyp2hXiMeIISxVjQYVgLX55GXTKhlUzqjfVYvMyiyMPjsAxOAUWqIMmuAYt0AYYPIAn8AJetUftWXvT3ufWnJb1HII/pX18A3wbmhk=</latexit>

V

<latexit sha1_base64="LozqYKu4S1OaEXq/gLbnc20MLP4=">AAACE3icbZDLSsNAFIYnXmu9RV26CRZBRELSprdd0Y3LCvYCaSiT6aQdOrkwMxFKyDu48VXcuFDErRt3vo2TtAttPTDw8f/nzJz53YgSLgzjW1lb39jc2i7sFHf39g8O1aPjLg9jhnAHhTRkfRdyTEmAO4IIivsRw9B3Ke6505vM7z1gxkkY3ItZhB0fjgPiEQSFlIbqZTLIL7HZ2HUSQ282KrV69crQy81qvVHJwDJrlpX20qFaMnQjL20VzAWUwKLaQ/VrMApR7ONAIAo5t00jEk4CmSCI4rQ4iDmOIJrCMbYlBtDH3EnydVLtXCojzQuZPIHQcvX3RAJ9zme+Kzt9KCZ82cvE/zw7Fl7DSUgQxQIHaP6QF1NNhFoWkDYiDCNBZxIgYkTuqqEJZBAJGWNRhmAuf3kVumXdrOnWnVVqXS/iKIBTcAYugAnqoAVuQRt0AAKP4Bm8gjflSXlR3pWPeeuaspg5AX9K+fwBstaaPA==</latexit>

W

<latexit sha1_base64="61QdORd3xHEHlbJVfshgMaVC6yk=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5JIURcKBTfurGAf0IQwmU7aoTOTMDMRagj+ihsXirj1P9z5N07bLLT1wIXDOfdy7z1hwqjSjvNtlZaWV1bXyuuVjc2t7R17d6+t4lRi0sIxi2U3RIowKkhLU81IN5EE8ZCRTji6nvidByIVjcW9HifE52ggaEQx0kYK7IMr6KmUB1nmYcTgbR7oHAZ21ak5U8BF4hakCgo0A/vL68c45URozJBSPddJtJ8hqSlmJK94qSIJwiM0ID1DBeJE+dn0+hweG6UPo1iaEhpO1d8TGeJKjXloOjnSQzXvTcT/vF6qows/oyJJNRF4tihKGdQxnEQB+1QSrNnYEIQlNbdCPEQSYW0Cq5gQ3PmXF0n7tOae1ep39WrjsoijDA7BETgBLjgHDXADmqAFMHgEz+AVvFlP1ov1bn3MWktWMbMP/sD6/AG7HZTB</latexit>

=
∑

Ot

<latexit sha1_base64="g1uGOwxskBlEps6B8DzsFVbS8f8=">AAAB8XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E1MIiYGNnBPOByRH2NnvJkr29Y3dOCEf+hY2FIrb+Gzv/jZvkCk18MPB4b4aZeUEihUHX/XYKK6tr6xvFzdLW9s7uXnn/oGniVDPeYLGMdTughkuheAMFSt5ONKdRIHkrGN1M/dYT10bE6gHHCfcjOlAiFIyilR6zLqOS3E162CtX3Ko7A1kmXk4qkKPeK391+zFLI66QSWpMx3MT9DOqUTDJJ6VuanhC2YgOeMdSRSNu/Gx28YScWKVPwljbUkhm6u+JjEbGjKPAdkYUh2bRm4r/eZ0Uwys/EypJkSs2XxSmkmBMpu+TvtCcoRxbQpkW9lbChlRThjakkg3BW3x5mTTPqt5F9fz+vFK7zuMowhEcwyl4cAk1uIU6NICBgmd4hTfHOC/Ou/Mxby04+cwh/IHz+QNHVpCn</latexit>

Ot
<latexit sha1_base64="g3ULhz5fxq0+AKcIWZqJnjglS0I=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5JIURcKBTfurGAf0IQwmU7aoTOTMDMRagj+ihsXirj1P9z5N07bLLT1wIXDOfdy7z1hwqjSjvNtlZaWV1bXyuuVjc2t7R17d6+t4lRi0sIxi2U3RIowKkhLU81IN5EE8ZCRTji6nvidByIVjcW9HifE52ggaEQx0kYK7IMr6KmUB1nmYcTgbR6oHAZ21ak5U8BF4hakCgo0A/vL68c45URozJBSPddJtJ8hqSlmJK94qSIJwiM0ID1DBeJE+dn0+hweG6UPo1iaEhpO1d8TGeJKjXloOjnSQzXvTcT/vF6qows/oyJJNRF4tihKGdQxnEQB+1QSrNnYEIQlNbdCPEQSYW0Cq5gQ3PmXF0n7tOae1ep39WrjsoijDA7BETgBLjgHDXADmqAFMHgEz+AVvFlP1ov1bn3MWktWMbMP/sD6/AG5l5TA</latexit>

=
∑

Os

<latexit sha1_base64="LozqYKu4S1OaEXq/gLbnc20MLP4=">AAACE3icbZDLSsNAFIYnXmu9RV26CRZBRELSprdd0Y3LCvYCaSiT6aQdOrkwMxFKyDu48VXcuFDErRt3vo2TtAttPTDw8f/nzJz53YgSLgzjW1lb39jc2i7sFHf39g8O1aPjLg9jhnAHhTRkfRdyTEmAO4IIivsRw9B3Ke6505vM7z1gxkkY3ItZhB0fjgPiEQSFlIbqZTLIL7HZ2HUSQ282KrV69crQy81qvVHJwDJrlpX20qFaMnQjL20VzAWUwKLaQ/VrMApR7ONAIAo5t00jEk4CmSCI4rQ4iDmOIJrCMbYlBtDH3EnydVLtXCojzQuZPIHQcvX3RAJ9zme+Kzt9KCZ82cvE/zw7Fl7DSUgQxQIHaP6QF1NNhFoWkDYiDCNBZxIgYkTuqqEJZBAJGWNRhmAuf3kVumXdrOnWnVVqXS/iKIBTcAYugAnqoAVuQRt0AAKP4Bm8gjflSXlR3pWPeeuaspg5AX9K+fwBstaaPA==</latexit>

W

<latexit sha1_base64="ZFzk9KWmAc4Eoe3Bkg6ImyxgZ+I=">AAACE3icbVDLSgMxFM3UV62vUZdugkUQKcNMW9u6K7pxWcG2wnQomTRtQzMPkoxQhvkHN/6KGxeKuHXjzr8xnY6grRcCJ+ece3Nz3JBRIU3zS8utrK6tb+Q3C1vbO7t7+v5BRwQRx6SNAxbwOxcJwqhP2pJKRu5CTpDnMtJ1J1czvXtPuKCBfyunIXE8NPLpkGIkFdXXz+JeOsTmI9eJTaNcKZ/XGyXTqFWqF7VKyTLMtJJO0teLZnaDy+DHWARZtfr6Z28Q4MgjvsQMCWFbZiidGHFJMSNJoRcJEiI8QSNiK+gjjwgnTtdJ4IliBnAYcHV8CVP2d0eMPCGmnqucHpJjsajNyP80O5LDhhNTP4wk8fH8oWHEoAzgLCA4oJxgyaYKIMyp2hXiMeIISxVjQYVgLX55GXTKhlUzqjfVYvMyiyMPjsAxOAUWqIMmuAYt0AYYPIAn8AJetUftWXvT3ufWnJb1HII/pX18A3wbmhk=</latexit>

V

<latexit sha1_base64="ZFzk9KWmAc4Eoe3Bkg6ImyxgZ+I=">AAACE3icbVDLSgMxFM3UV62vUZdugkUQKcNMW9u6K7pxWcG2wnQomTRtQzMPkoxQhvkHN/6KGxeKuHXjzr8xnY6grRcCJ+ece3Nz3JBRIU3zS8utrK6tb+Q3C1vbO7t7+v5BRwQRx6SNAxbwOxcJwqhP2pJKRu5CTpDnMtJ1J1czvXtPuKCBfyunIXE8NPLpkGIkFdXXz+JeOsTmI9eJTaNcKZ/XGyXTqFWqF7VKyTLMtJJO0teLZnaDy+DHWARZtfr6Z28Q4MgjvsQMCWFbZiidGHFJMSNJoRcJEiI8QSNiK+gjjwgnTtdJ4IliBnAYcHV8CVP2d0eMPCGmnqucHpJjsajNyP80O5LDhhNTP4wk8fH8oWHEoAzgLCA4oJxgyaYKIMyp2hXiMeIISxVjQYVgLX55GXTKhlUzqjfVYvMyiyMPjsAxOAUWqIMmuAYt0AYYPIAn8AJetUftWXvT3ufWnJb1HII/pX18A3wbmhk=</latexit>

V

<latexit sha1_base64="LozqYKu4S1OaEXq/gLbnc20MLP4=">AAACE3icbZDLSsNAFIYnXmu9RV26CRZBRELSprdd0Y3LCvYCaSiT6aQdOrkwMxFKyDu48VXcuFDErRt3vo2TtAttPTDw8f/nzJz53YgSLgzjW1lb39jc2i7sFHf39g8O1aPjLg9jhnAHhTRkfRdyTEmAO4IIivsRw9B3Ke6505vM7z1gxkkY3ItZhB0fjgPiEQSFlIbqZTLIL7HZ2HUSQ282KrV69crQy81qvVHJwDJrlpX20qFaMnQjL20VzAWUwKLaQ/VrMApR7ONAIAo5t00jEk4CmSCI4rQ4iDmOIJrCMbYlBtDH3EnydVLtXCojzQuZPIHQcvX3RAJ9zme+Kzt9KCZ82cvE/zw7Fl7DSUgQxQIHaP6QF1NNhFoWkDYiDCNBZxIgYkTuqqEJZBAJGWNRhmAuf3kVumXdrOnWnVVqXS/iKIBTcAYugAnqoAVuQRt0AAKP4Bm8gjflSXlR3pWPeeuaspg5AX9K+fwBstaaPA==</latexit>

W

<latexit sha1_base64="OBx+8LO3lurHGTPY60awjbD3/jY=">AAAB8XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E1MIiYGNnBPOByRH2NnPJkr29Y3dPCEf+hY2FIrb+Gzv/jZvkCk18MPB4b4aZeUEiuDau++0UVlbX1jeKm6Wt7Z3dvfL+QVPHqWLYYLGIVTugGgWX2DDcCGwnCmkUCGwFo5up33pCpXksH8w4QT+iA8lDzqix0mPWZVSQu0lP98oVt+rOQJaJl5MK5Kj3yl/dfszSCKVhgmrd8dzE+BlVhjOBk1I31ZhQNqID7FgqaYTaz2YXT8iJVfokjJUtachM/T2R0UjrcRTYzoiaoV70puJ/Xic14ZWfcZmkBiWbLwpTQUxMpu+TPlfIjBhbQpni9lbChlRRZmxIJRuCt/jyMmmeVb2L6vn9eaV2ncdRhCM4hlPw4BJqcAt1aAADCc/wCm+Odl6cd+dj3lpw8plD+APn8wdF0pCm</latexit>

Os



Self-overlap
Compute self-overlap of               : 

<latexit sha1_base64="UhXaD+uUiRL9G5cDY/l77pGoE7k=">AAAB/nicbVBNS8NAEN3Ur1q/ouLJy2IRPJVEinrwUPDiwUMV+wFNCJvttF262YTdjVBiwb/ixYMiXv0d3vw3btsctPXBwOO9GWbmhQlnSjvOt1VYWl5ZXSuulzY2t7Z37N29popTSaFBYx7LdkgUcCagoZnm0E4kkCjk0AqHVxO/9QBSsVjc61ECfkT6gvUYJdpIgX3w6NUVC7JWcNMM7saeJKLPIbDLTsWZAi8SNydllKMe2F9eN6ZpBEJTTpTquE6i/YxIzSiHcclLFSSEDkkfOoYKEoHys+n5Y3xslC7uxdKU0Hiq/p7ISKTUKApNZ0T0QM17E/E/r5Pq3oWfMZGkGgSdLeqlHOsYT7LAXSaBaj4yhFDJzK2YDogkVJvESiYEd/7lRdI8rbhnlepttVy7zOMookN0hE6Qi85RDV2jOmogijL0jF7Rm/VkvVjv1sestWDlM/voD6zPH1Zllbk=</latexit>

|!WLVR→

<latexit sha1_base64="+Q/w80QyiD23YBCn2GqBUZN5zNk="></latexit>

F =
→!WLVR |!WLVR↑

→V V ↑→WW ↑ =
tr
(
W †W ω

1
2 V †V ω

1
2

)

tr (V †V ω) tr (W †W ω)

<latexit sha1_base64="LozqYKu4S1OaEXq/gLbnc20MLP4=">AAACE3icbZDLSsNAFIYnXmu9RV26CRZBRELSprdd0Y3LCvYCaSiT6aQdOrkwMxFKyDu48VXcuFDErRt3vo2TtAttPTDw8f/nzJz53YgSLgzjW1lb39jc2i7sFHf39g8O1aPjLg9jhnAHhTRkfRdyTEmAO4IIivsRw9B3Ke6505vM7z1gxkkY3ItZhB0fjgPiEQSFlIbqZTLIL7HZ2HUSQ282KrV69crQy81qvVHJwDJrlpX20qFaMnQjL20VzAWUwKLaQ/VrMApR7ONAIAo5t00jEk4CmSCI4rQ4iDmOIJrCMbYlBtDH3EnydVLtXCojzQuZPIHQcvX3RAJ9zme+Kzt9KCZ82cvE/zw7Fl7DSUgQxQIHaP6QF1NNhFoWkDYiDCNBZxIgYkTuqqEJZBAJGWNRhmAuf3kVumXdrOnWnVVqXS/iKIBTcAYugAnqoAVuQRt0AAKP4Bm8gjflSXlR3pWPeeuaspg5AX9K+fwBstaaPA==</latexit>

W
<latexit sha1_base64="ZFzk9KWmAc4Eoe3Bkg6ImyxgZ+I=">AAACE3icbVDLSgMxFM3UV62vUZdugkUQKcNMW9u6K7pxWcG2wnQomTRtQzMPkoxQhvkHN/6KGxeKuHXjzr8xnY6grRcCJ+ece3Nz3JBRIU3zS8utrK6tb+Q3C1vbO7t7+v5BRwQRx6SNAxbwOxcJwqhP2pJKRu5CTpDnMtJ1J1czvXtPuKCBfyunIXE8NPLpkGIkFdXXz+JeOsTmI9eJTaNcKZ/XGyXTqFWqF7VKyTLMtJJO0teLZnaDy+DHWARZtfr6Z28Q4MgjvsQMCWFbZiidGHFJMSNJoRcJEiI8QSNiK+gjjwgnTtdJ4IliBnAYcHV8CVP2d0eMPCGmnqucHpJjsajNyP80O5LDhhNTP4wk8fH8oWHEoAzgLCA4oJxgyaYKIMyp2hXiMeIISxVjQYVgLX55GXTKhlUzqjfVYvMyiyMPjsAxOAUWqIMmuAYt0AYYPIAn8AJetUftWXvT3ufWnJb1HII/pX18A3wbmhk=</latexit>

V

<latexit sha1_base64="ZFzk9KWmAc4Eoe3Bkg6ImyxgZ+I=">AAACE3icbVDLSgMxFM3UV62vUZdugkUQKcNMW9u6K7pxWcG2wnQomTRtQzMPkoxQhvkHN/6KGxeKuHXjzr8xnY6grRcCJ+ece3Nz3JBRIU3zS8utrK6tb+Q3C1vbO7t7+v5BRwQRx6SNAxbwOxcJwqhP2pJKRu5CTpDnMtJ1J1czvXtPuKCBfyunIXE8NPLpkGIkFdXXz+JeOsTmI9eJTaNcKZ/XGyXTqFWqF7VKyTLMtJJO0teLZnaDy+DHWARZtfr6Z28Q4MgjvsQMCWFbZiidGHFJMSNJoRcJEiI8QSNiK+gjjwgnTtdJ4IliBnAYcHV8CVP2d0eMPCGmnqucHpJjsajNyP80O5LDhhNTP4wk8fH8oWHEoAzgLCA4oJxgyaYKIMyp2hXiMeIISxVjQYVgLX55GXTKhlUzqjfVYvMyiyMPjsAxOAUWqIMmuAYt0AYYPIAn8AJetUftWXvT3ufWnJb1HII/pX18A3wbmhk=</latexit>

V

<latexit sha1_base64="LozqYKu4S1OaEXq/gLbnc20MLP4=">AAACE3icbZDLSsNAFIYnXmu9RV26CRZBRELSprdd0Y3LCvYCaSiT6aQdOrkwMxFKyDu48VXcuFDErRt3vo2TtAttPTDw8f/nzJz53YgSLgzjW1lb39jc2i7sFHf39g8O1aPjLg9jhnAHhTRkfRdyTEmAO4IIivsRw9B3Ke6505vM7z1gxkkY3ItZhB0fjgPiEQSFlIbqZTLIL7HZ2HUSQ282KrV69crQy81qvVHJwDJrlpX20qFaMnQjL20VzAWUwKLaQ/VrMApR7ONAIAo5t00jEk4CmSCI4rQ4iDmOIJrCMbYlBtDH3EnydVLtXCojzQuZPIHQcvX3RAJ9zme+Kzt9KCZ82cvE/zw7Fl7DSUgQxQIHaP6QF1NNhFoWkDYiDCNBZxIgYkTuqqEJZBAJGWNRhmAuf3kVumXdrOnWnVVqXS/iKIBTcAYugAnqoAVuQRt0AAKP4Bm8gjflSXlR3pWPeeuaspg5AX9K+fwBstaaPA==</latexit>

W

<latexit sha1_base64="guZ4+n6vyM9b7VsYmi9wUR/oFEE=">AAAB8HicbVA9SwNBEJ3zM8avqKXNYhBsjHchqIVFwMYygvmQ5Ah7m7lkye7dsbsnhJBfYWOhiK0/x85/4ya5QhMfDDzem2FmXpAIro3rfjsrq2vrG5u5rfz2zu7efuHgsKHjVDGss1jEqhVQjYJHWDfcCGwlCqkMBDaD4e3Ubz6h0jyOHswoQV/SfsRDzqix0uM57wRo6EW5Wyi6JXcGsky8jBQhQ61b+Or0YpZKjAwTVOu25ybGH1NlOBM4yXdSjQllQ9rHtqURlaj98ezgCTm1So+EsbIVGTJTf0+MqdR6JAPbKakZ6EVvKv7ntVMTXvtjHiWpwYjNF4WpICYm0+9JjytkRowsoUxxeythA6ooMzajvA3BW3x5mTTKJe+yVLmvFKs3WRw5OIYTOAMPrqAKd1CDOjCQ8Ayv8OYo58V5dz7mrStONnMEf+B8/gDXko/G</latexit>

→iω/2

<latexit sha1_base64="guZ4+n6vyM9b7VsYmi9wUR/oFEE=">AAAB8HicbVA9SwNBEJ3zM8avqKXNYhBsjHchqIVFwMYygvmQ5Ah7m7lkye7dsbsnhJBfYWOhiK0/x85/4ya5QhMfDDzem2FmXpAIro3rfjsrq2vrG5u5rfz2zu7efuHgsKHjVDGss1jEqhVQjYJHWDfcCGwlCqkMBDaD4e3Ubz6h0jyOHswoQV/SfsRDzqix0uM57wRo6EW5Wyi6JXcGsky8jBQhQ61b+Or0YpZKjAwTVOu25ybGH1NlOBM4yXdSjQllQ9rHtqURlaj98ezgCTm1So+EsbIVGTJTf0+MqdR6JAPbKakZ6EVvKv7ntVMTXvtjHiWpwYjNF4WpICYm0+9JjytkRowsoUxxeythA6ooMzajvA3BW3x5mTTKJe+yVLmvFKs3WRw5OIYTOAMPrqAKd1CDOjCQ8Ayv8OYo58V5dz7mrStONnMEf+B8/gDXko/G</latexit>

→iω/2

—> not an OTOC!  
—> time ordered

“t-channel” “s-channel”

<latexit sha1_base64="LozqYKu4S1OaEXq/gLbnc20MLP4=">AAACE3icbZDLSsNAFIYnXmu9RV26CRZBRELSprdd0Y3LCvYCaSiT6aQdOrkwMxFKyDu48VXcuFDErRt3vo2TtAttPTDw8f/nzJz53YgSLgzjW1lb39jc2i7sFHf39g8O1aPjLg9jhnAHhTRkfRdyTEmAO4IIivsRw9B3Ke6505vM7z1gxkkY3ItZhB0fjgPiEQSFlIbqZTLIL7HZ2HUSQ282KrV69crQy81qvVHJwDJrlpX20qFaMnQjL20VzAWUwKLaQ/VrMApR7ONAIAo5t00jEk4CmSCI4rQ4iDmOIJrCMbYlBtDH3EnydVLtXCojzQuZPIHQcvX3RAJ9zme+Kzt9KCZ82cvE/zw7Fl7DSUgQxQIHaP6QF1NNhFoWkDYiDCNBZxIgYkTuqqEJZBAJGWNRhmAuf3kVumXdrOnWnVVqXS/iKIBTcAYugAnqoAVuQRt0AAKP4Bm8gjflSXlR3pWPeeuaspg5AX9K+fwBstaaPA==</latexit>

W

<latexit sha1_base64="ZFzk9KWmAc4Eoe3Bkg6ImyxgZ+I=">AAACE3icbVDLSgMxFM3UV62vUZdugkUQKcNMW9u6K7pxWcG2wnQomTRtQzMPkoxQhvkHN/6KGxeKuHXjzr8xnY6grRcCJ+ece3Nz3JBRIU3zS8utrK6tb+Q3C1vbO7t7+v5BRwQRx6SNAxbwOxcJwqhP2pJKRu5CTpDnMtJ1J1czvXtPuKCBfyunIXE8NPLpkGIkFdXXz+JeOsTmI9eJTaNcKZ/XGyXTqFWqF7VKyTLMtJJO0teLZnaDy+DHWARZtfr6Z28Q4MgjvsQMCWFbZiidGHFJMSNJoRcJEiI8QSNiK+gjjwgnTtdJ4IliBnAYcHV8CVP2d0eMPCGmnqucHpJjsajNyP80O5LDhhNTP4wk8fH8oWHEoAzgLCA4oJxgyaYKIMyp2hXiMeIISxVjQYVgLX55GXTKhlUzqjfVYvMyiyMPjsAxOAUWqIMmuAYt0AYYPIAn8AJetUftWXvT3ufWnJb1HII/pX18A3wbmhk=</latexit>

V

<latexit sha1_base64="ZFzk9KWmAc4Eoe3Bkg6ImyxgZ+I=">AAACE3icbVDLSgMxFM3UV62vUZdugkUQKcNMW9u6K7pxWcG2wnQomTRtQzMPkoxQhvkHN/6KGxeKuHXjzr8xnY6grRcCJ+ece3Nz3JBRIU3zS8utrK6tb+Q3C1vbO7t7+v5BRwQRx6SNAxbwOxcJwqhP2pJKRu5CTpDnMtJ1J1czvXtPuKCBfyunIXE8NPLpkGIkFdXXz+JeOsTmI9eJTaNcKZ/XGyXTqFWqF7VKyTLMtJJO0teLZnaDy+DHWARZtfr6Z28Q4MgjvsQMCWFbZiidGHFJMSNJoRcJEiI8QSNiK+gjjwgnTtdJ4IliBnAYcHV8CVP2d0eMPCGmnqucHpJjsajNyP80O5LDhhNTP4wk8fH8oWHEoAzgLCA4oJxgyaYKIMyp2hXiMeIISxVjQYVgLX55GXTKhlUzqjfVYvMyiyMPjsAxOAUWqIMmuAYt0AYYPIAn8AJetUftWXvT3ufWnJb1HII/pX18A3wbmhk=</latexit>

V

<latexit sha1_base64="LozqYKu4S1OaEXq/gLbnc20MLP4=">AAACE3icbZDLSsNAFIYnXmu9RV26CRZBRELSprdd0Y3LCvYCaSiT6aQdOrkwMxFKyDu48VXcuFDErRt3vo2TtAttPTDw8f/nzJz53YgSLgzjW1lb39jc2i7sFHf39g8O1aPjLg9jhnAHhTRkfRdyTEmAO4IIivsRw9B3Ke6505vM7z1gxkkY3ItZhB0fjgPiEQSFlIbqZTLIL7HZ2HUSQ282KrV69crQy81qvVHJwDJrlpX20qFaMnQjL20VzAWUwKLaQ/VrMApR7ONAIAo5t00jEk4CmSCI4rQ4iDmOIJrCMbYlBtDH3EnydVLtXCojzQuZPIHQcvX3RAJ9zme+Kzt9KCZ82cvE/zw7Fl7DSUgQxQIHaP6QF1NNhFoWkDYiDCNBZxIgYkTuqqEJZBAJGWNRhmAuf3kVumXdrOnWnVVqXS/iKIBTcAYugAnqoAVuQRt0AAKP4Bm8gjflSXlR3pWPeeuaspg5AX9K+fwBstaaPA==</latexit>

W

<latexit sha1_base64="61QdORd3xHEHlbJVfshgMaVC6yk=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5JIURcKBTfurGAf0IQwmU7aoTOTMDMRagj+ihsXirj1P9z5N07bLLT1wIXDOfdy7z1hwqjSjvNtlZaWV1bXyuuVjc2t7R17d6+t4lRi0sIxi2U3RIowKkhLU81IN5EE8ZCRTji6nvidByIVjcW9HifE52ggaEQx0kYK7IMr6KmUB1nmYcTgbR7oHAZ21ak5U8BF4hakCgo0A/vL68c45URozJBSPddJtJ8hqSlmJK94qSIJwiM0ID1DBeJE+dn0+hweG6UPo1iaEhpO1d8TGeJKjXloOjnSQzXvTcT/vF6qows/oyJJNRF4tihKGdQxnEQB+1QSrNnYEIQlNbdCPEQSYW0Cq5gQ3PmXF0n7tOae1ep39WrjsoijDA7BETgBLjgHDXADmqAFMHgEz+AVvFlP1ov1bn3MWktWMbMP/sD6/AG7HZTB</latexit>

=
∑

Ot

<latexit sha1_base64="g1uGOwxskBlEps6B8DzsFVbS8f8=">AAAB8XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E1MIiYGNnBPOByRH2NnvJkr29Y3dOCEf+hY2FIrb+Gzv/jZvkCk18MPB4b4aZeUEihUHX/XYKK6tr6xvFzdLW9s7uXnn/oGniVDPeYLGMdTughkuheAMFSt5ONKdRIHkrGN1M/dYT10bE6gHHCfcjOlAiFIyilR6zLqOS3E162CtX3Ko7A1kmXk4qkKPeK391+zFLI66QSWpMx3MT9DOqUTDJJ6VuanhC2YgOeMdSRSNu/Gx28YScWKVPwljbUkhm6u+JjEbGjKPAdkYUh2bRm4r/eZ0Uwys/EypJkSs2XxSmkmBMpu+TvtCcoRxbQpkW9lbChlRThjakkg3BW3x5mTTPqt5F9fz+vFK7zuMowhEcwyl4cAk1uIU6NICBgmd4hTfHOC/Ou/Mxby04+cwh/IHz+QNHVpCn</latexit>

Ot
<latexit sha1_base64="g3ULhz5fxq0+AKcIWZqJnjglS0I=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5JIURcKBTfurGAf0IQwmU7aoTOTMDMRagj+ihsXirj1P9z5N07bLLT1wIXDOfdy7z1hwqjSjvNtlZaWV1bXyuuVjc2t7R17d6+t4lRi0sIxi2U3RIowKkhLU81IN5EE8ZCRTji6nvidByIVjcW9HifE52ggaEQx0kYK7IMr6KmUB1nmYcTgbR6oHAZ21ak5U8BF4hakCgo0A/vL68c45URozJBSPddJtJ8hqSlmJK94qSIJwiM0ID1DBeJE+dn0+hweG6UPo1iaEhpO1d8TGeJKjXloOjnSQzXvTcT/vF6qows/oyJJNRF4tihKGdQxnEQB+1QSrNnYEIQlNbdCPEQSYW0Cq5gQ3PmXF0n7tOae1ep39WrjsoijDA7BETgBLjgHDXADmqAFMHgEz+AVvFlP1ov1bn3MWktWMbMP/sD6/AG5l5TA</latexit>

=
∑

Os

<latexit sha1_base64="LozqYKu4S1OaEXq/gLbnc20MLP4=">AAACE3icbZDLSsNAFIYnXmu9RV26CRZBRELSprdd0Y3LCvYCaSiT6aQdOrkwMxFKyDu48VXcuFDErRt3vo2TtAttPTDw8f/nzJz53YgSLgzjW1lb39jc2i7sFHf39g8O1aPjLg9jhnAHhTRkfRdyTEmAO4IIivsRw9B3Ke6505vM7z1gxkkY3ItZhB0fjgPiEQSFlIbqZTLIL7HZ2HUSQ282KrV69crQy81qvVHJwDJrlpX20qFaMnQjL20VzAWUwKLaQ/VrMApR7ONAIAo5t00jEk4CmSCI4rQ4iDmOIJrCMbYlBtDH3EnydVLtXCojzQuZPIHQcvX3RAJ9zme+Kzt9KCZ82cvE/zw7Fl7DSUgQxQIHaP6QF1NNhFoWkDYiDCNBZxIgYkTuqqEJZBAJGWNRhmAuf3kVumXdrOnWnVVqXS/iKIBTcAYugAnqoAVuQRt0AAKP4Bm8gjflSXlR3pWPeeuaspg5AX9K+fwBstaaPA==</latexit>

W

<latexit sha1_base64="ZFzk9KWmAc4Eoe3Bkg6ImyxgZ+I=">AAACE3icbVDLSgMxFM3UV62vUZdugkUQKcNMW9u6K7pxWcG2wnQomTRtQzMPkoxQhvkHN/6KGxeKuHXjzr8xnY6grRcCJ+ece3Nz3JBRIU3zS8utrK6tb+Q3C1vbO7t7+v5BRwQRx6SNAxbwOxcJwqhP2pJKRu5CTpDnMtJ1J1czvXtPuKCBfyunIXE8NPLpkGIkFdXXz+JeOsTmI9eJTaNcKZ/XGyXTqFWqF7VKyTLMtJJO0teLZnaDy+DHWARZtfr6Z28Q4MgjvsQMCWFbZiidGHFJMSNJoRcJEiI8QSNiK+gjjwgnTtdJ4IliBnAYcHV8CVP2d0eMPCGmnqucHpJjsajNyP80O5LDhhNTP4wk8fH8oWHEoAzgLCA4oJxgyaYKIMyp2hXiMeIISxVjQYVgLX55GXTKhlUzqjfVYvMyiyMPjsAxOAUWqIMmuAYt0AYYPIAn8AJetUftWXvT3ufWnJb1HII/pX18A3wbmhk=</latexit>

V

<latexit sha1_base64="ZFzk9KWmAc4Eoe3Bkg6ImyxgZ+I=">AAACE3icbVDLSgMxFM3UV62vUZdugkUQKcNMW9u6K7pxWcG2wnQomTRtQzMPkoxQhvkHN/6KGxeKuHXjzr8xnY6grRcCJ+ece3Nz3JBRIU3zS8utrK6tb+Q3C1vbO7t7+v5BRwQRx6SNAxbwOxcJwqhP2pJKRu5CTpDnMtJ1J1czvXtPuKCBfyunIXE8NPLpkGIkFdXXz+JeOsTmI9eJTaNcKZ/XGyXTqFWqF7VKyTLMtJJO0teLZnaDy+DHWARZtfr6Z28Q4MgjvsQMCWFbZiidGHFJMSNJoRcJEiI8QSNiK+gjjwgnTtdJ4IliBnAYcHV8CVP2d0eMPCGmnqucHpJjsajNyP80O5LDhhNTP4wk8fH8oWHEoAzgLCA4oJxgyaYKIMyp2hXiMeIISxVjQYVgLX55GXTKhlUzqjfVYvMyiyMPjsAxOAUWqIMmuAYt0AYYPIAn8AJetUftWXvT3ufWnJb1HII/pX18A3wbmhk=</latexit>

V

<latexit sha1_base64="LozqYKu4S1OaEXq/gLbnc20MLP4=">AAACE3icbZDLSsNAFIYnXmu9RV26CRZBRELSprdd0Y3LCvYCaSiT6aQdOrkwMxFKyDu48VXcuFDErRt3vo2TtAttPTDw8f/nzJz53YgSLgzjW1lb39jc2i7sFHf39g8O1aPjLg9jhnAHhTRkfRdyTEmAO4IIivsRw9B3Ke6505vM7z1gxkkY3ItZhB0fjgPiEQSFlIbqZTLIL7HZ2HUSQ282KrV69crQy81qvVHJwDJrlpX20qFaMnQjL20VzAWUwKLaQ/VrMApR7ONAIAo5t00jEk4CmSCI4rQ4iDmOIJrCMbYlBtDH3EnydVLtXCojzQuZPIHQcvX3RAJ9zme+Kzt9KCZ82cvE/zw7Fl7DSUgQxQIHaP6QF1NNhFoWkDYiDCNBZxIgYkTuqqEJZBAJGWNRhmAuf3kVumXdrOnWnVVqXS/iKIBTcAYugAnqoAVuQRt0AAKP4Bm8gjflSXlR3pWPeeuaspg5AX9K+fwBstaaPA==</latexit>

W

<latexit sha1_base64="OBx+8LO3lurHGTPY60awjbD3/jY=">AAAB8XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E1MIiYGNnBPOByRH2NnPJkr29Y3dPCEf+hY2FIrb+Gzv/jZvkCk18MPB4b4aZeUEiuDau++0UVlbX1jeKm6Wt7Z3dvfL+QVPHqWLYYLGIVTugGgWX2DDcCGwnCmkUCGwFo5up33pCpXksH8w4QT+iA8lDzqix0mPWZVSQu0lP98oVt+rOQJaJl5MK5Kj3yl/dfszSCKVhgmrd8dzE+BlVhjOBk1I31ZhQNqID7FgqaYTaz2YXT8iJVfokjJUtachM/T2R0UjrcRTYzoiaoV70puJ/Xic14ZWfcZmkBiWbLwpTQUxMpu+TPlfIjBhbQpni9lbChlRRZmxIJRuCt/jyMmmeVb2L6vn9eaV2ncdRhCM4hlPw4BJqcAt1aAADCc/wCm+Odl6cd+dj3lpw8plD+APn8wdF0pCm</latexit>

Os

<latexit sha1_base64="LozqYKu4S1OaEXq/gLbnc20MLP4=">AAACE3icbZDLSsNAFIYnXmu9RV26CRZBRELSprdd0Y3LCvYCaSiT6aQdOrkwMxFKyDu48VXcuFDErRt3vo2TtAttPTDw8f/nzJz53YgSLgzjW1lb39jc2i7sFHf39g8O1aPjLg9jhnAHhTRkfRdyTEmAO4IIivsRw9B3Ke6505vM7z1gxkkY3ItZhB0fjgPiEQSFlIbqZTLIL7HZ2HUSQ282KrV69crQy81qvVHJwDJrlpX20qFaMnQjL20VzAWUwKLaQ/VrMApR7ONAIAo5t00jEk4CmSCI4rQ4iDmOIJrCMbYlBtDH3EnydVLtXCojzQuZPIHQcvX3RAJ9zme+Kzt9KCZ82cvE/zw7Fl7DSUgQxQIHaP6QF1NNhFoWkDYiDCNBZxIgYkTuqqEJZBAJGWNRhmAuf3kVumXdrOnWnVVqXS/iKIBTcAYugAnqoAVuQRt0AAKP4Bm8gjflSXlR3pWPeeuaspg5AX9K+fwBstaaPA==</latexit>

W

<latexit sha1_base64="ZFzk9KWmAc4Eoe3Bkg6ImyxgZ+I=">AAACE3icbVDLSgMxFM3UV62vUZdugkUQKcNMW9u6K7pxWcG2wnQomTRtQzMPkoxQhvkHN/6KGxeKuHXjzr8xnY6grRcCJ+ece3Nz3JBRIU3zS8utrK6tb+Q3C1vbO7t7+v5BRwQRx6SNAxbwOxcJwqhP2pJKRu5CTpDnMtJ1J1czvXtPuKCBfyunIXE8NPLpkGIkFdXXz+JeOsTmI9eJTaNcKZ/XGyXTqFWqF7VKyTLMtJJO0teLZnaDy+DHWARZtfr6Z28Q4MgjvsQMCWFbZiidGHFJMSNJoRcJEiI8QSNiK+gjjwgnTtdJ4IliBnAYcHV8CVP2d0eMPCGmnqucHpJjsajNyP80O5LDhhNTP4wk8fH8oWHEoAzgLCA4oJxgyaYKIMyp2hXiMeIISxVjQYVgLX55GXTKhlUzqjfVYvMyiyMPjsAxOAUWqIMmuAYt0AYYPIAn8AJetUftWXvT3ufWnJb1HII/pX18A3wbmhk=</latexit>

V

<latexit sha1_base64="ZFzk9KWmAc4Eoe3Bkg6ImyxgZ+I=">AAACE3icbVDLSgMxFM3UV62vUZdugkUQKcNMW9u6K7pxWcG2wnQomTRtQzMPkoxQhvkHN/6KGxeKuHXjzr8xnY6grRcCJ+ece3Nz3JBRIU3zS8utrK6tb+Q3C1vbO7t7+v5BRwQRx6SNAxbwOxcJwqhP2pJKRu5CTpDnMtJ1J1czvXtPuKCBfyunIXE8NPLpkGIkFdXXz+JeOsTmI9eJTaNcKZ/XGyXTqFWqF7VKyTLMtJJO0teLZnaDy+DHWARZtfr6Z28Q4MgjvsQMCWFbZiidGHFJMSNJoRcJEiI8QSNiK+gjjwgnTtdJ4IliBnAYcHV8CVP2d0eMPCGmnqucHpJjsajNyP80O5LDhhNTP4wk8fH8oWHEoAzgLCA4oJxgyaYKIMyp2hXiMeIISxVjQYVgLX55GXTKhlUzqjfVYvMyiyMPjsAxOAUWqIMmuAYt0AYYPIAn8AJetUftWXvT3ufWnJb1HII/pX18A3wbmhk=</latexit>

V

<latexit sha1_base64="LozqYKu4S1OaEXq/gLbnc20MLP4=">AAACE3icbZDLSsNAFIYnXmu9RV26CRZBRELSprdd0Y3LCvYCaSiT6aQdOrkwMxFKyDu48VXcuFDErRt3vo2TtAttPTDw8f/nzJz53YgSLgzjW1lb39jc2i7sFHf39g8O1aPjLg9jhnAHhTRkfRdyTEmAO4IIivsRw9B3Ke6505vM7z1gxkkY3ItZhB0fjgPiEQSFlIbqZTLIL7HZ2HUSQ282KrV69crQy81qvVHJwDJrlpX20qFaMnQjL20VzAWUwKLaQ/VrMApR7ONAIAo5t00jEk4CmSCI4rQ4iDmOIJrCMbYlBtDH3EnydVLtXCojzQuZPIHQcvX3RAJ9zme+Kzt9KCZ82cvE/zw7Fl7DSUgQxQIHaP6QF1NNhFoWkDYiDCNBZxIgYkTuqqEJZBAJGWNRhmAuf3kVumXdrOnWnVVqXS/iKIBTcAYugAnqoAVuQRt0AAKP4Bm8gjflSXlR3pWPeeuaspg5AX9K+fwBstaaPA==</latexit>

W

<latexit sha1_base64="iftMyoXXmPA74T0GPT79lbjFD7g=">AAAB8XicbVC7SgNBFL0bXzG+opY2g0GwCrsS1MIiYGMZwTwwWcLs5G4yZHZ2mZkVwpK/sLFQxNa/sfNvnCRbaOKBgcM59zLnniARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e3Mbz+h0jyWD2aSoB/RoeQhZ9RY6bEXUTMKwsyb9ssVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+aJp+TMKgMSxso+achc/b2R0UjrSRTYyVlCvezNxP+8bmrCaz/jMkkNSrb4KEwFMTGZnU8GXCEzYmIJZYrbrISNqKLM2JJKtgRv+eRV0rqoepfV2n2tUr/J6yjCCZzCOXhwBXW4gwY0gYGEZ3iFN0c7L86787EYLTj5zjH8gfP5A5J2kNg=</latexit>

1
<latexit sha1_base64="v3bNiy2m/zoD5YDxunWhkqDQQYM=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUA8KAS8eEzAPSJYwO+lNxszOLjOzQgj5Ai8eFPHqJ3nzb5wke9DEgoaiqpvuriARXBvX/XZya+sbm1v57cLO7t7+QfHwqKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0d3Mbz2h0jyWD2acoB/RgeQhZ9RYqX7bK5bcsjsHWSVeRkqQodYrfnX7MUsjlIYJqnXHcxPjT6gynAmcFrqpxoSyER1gx1JJI9T+ZH7olJxZpU/CWNmShszV3xMTGmk9jgLbGVEz1MveTPzP66QmvPYnXCapQckWi8JUEBOT2dekzxUyI8aWUKa4vZWwIVWUGZtNwYbgLb+8SpoXZe+yXKlXStWbLI48nMApnIMHV1CFe6hBAxggPMMrvDmPzovz7nwsWnNONnMMf+B8/gCN7YzE</latexit>=

<latexit sha1_base64="i0bJUvjZeZuNTXRqS65/GGBet8E=">AAACGHicbVDLSgNBEJz1bXxFPXoZDIIixl0RFfQQ0IM3FYwK2Rh6J504OPtgplcMy36GF3/FiwdFvObm3ziJOfgqaCiquunuChIlDbnuhzM0PDI6Nj4xWZianpmdK84vXJg41QKrIlaxvgrAoJIRVkmSwqtEI4SBwsvg9rDnX96hNjKOzqmTYD2EdiRbUgBZqVHcXOf+fuYLUPwk9wPZXuV4nW2Qf4SKoOET3lPWhiTPec9daxRLbtntg/8l3oCU2ACnjWLXb8YiDTEiocCYmucmVM9AkxQK84KfGkxA3EIba5ZGEKKpZ/3Hcr5ilSZvxdpWRLyvfp/IIDSmEwa2MwS6Mb+9nvifV0uptVfPZJSkhJH4WtRKFaeY91LiTalRkOpYAkJLeysXN6BBkM2yYEPwfr/8l1xslb2d8vbZdqlyMIhjgi2xZbbKPLbLKuyYnbIqE+yBPbEX9uo8Os/Om/P+1TrkDGYW2Q843U9LKZ9Y</latexit>

+ O
(
e→t!gap

)

<latexit sha1_base64="EpUCMpQpVdfKhCiRqFGFiM6ROH8=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBU9mVoh48FLx4rGA/oF1KNs22odkkJFmxLP0RXjwo4tXf481/Y9ruQVsfDDzem2FmXqQ4M9b3v73C2vrG5lZxu7Szu7d/UD48ahmZakKbRHKpOxE2lDNBm5ZZTjtKU5xEnLaj8e3Mbz9SbZgUD3aiaJjgoWAxI9g6qd3DSmn51C9X/Ko/B1olQU4qkKPRL3/1BpKkCRWWcGxMN/CVDTOsLSOcTku91FCFyRgPaddRgRNqwmx+7hSdOWWAYqldCYvm6u+JDCfGTJLIdSbYjsyyNxP/87qpja/DjAmVWirIYlGccmQlmv2OBkxTYvnEEUw0c7ciMsIaE+sSKrkQguWXV0nrohpcVmv3tUr9Jo+jCCdwCucQwBXU4Q4a0AQCY3iGV3jzlPfivXsfi9aCl88cwx94nz+Ugo+5</latexit>→
<latexit sha1_base64="6qgq4YPV2/FwzaY+2GrGa4VowoY=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe4kqIVFwMYyARMDyRH2NnPJmr29Y3dPCEd+gY2FIrb+JDv/jZvkCk18MPB4b4aZeUEiuDau++0U1tY3NreK26Wd3b39g/LhUVvHqWLYYrGIVSegGgWX2DLcCOwkCmkUCHwIxrcz/+EJleaxvDeTBP2IDiUPOaPGSk2vX664VXcOskq8nFQgR6Nf/uoNYpZGKA0TVOuu5ybGz6gynAmclnqpxoSyMR1i11JJI9R+Nj90Ss6sMiBhrGxJQ+bq74mMRlpPosB2RtSM9LI3E//zuqkJr/2MyyQ1KNliUZgKYmIy+5oMuEJmxMQSyhS3txI2oooyY7Mp2RC85ZdXSfui6l1Wa81apX6Tx1GEEziFc/DgCupwBw1oAQOEZ3iFN+fReXHenY9Fa8HJZ47hD5zPH3u9jLg=</latexit>

1



Self-overlap
Compute self-overlap of               : 

<latexit sha1_base64="UhXaD+uUiRL9G5cDY/l77pGoE7k=">AAAB/nicbVBNS8NAEN3Ur1q/ouLJy2IRPJVEinrwUPDiwUMV+wFNCJvttF262YTdjVBiwb/ixYMiXv0d3vw3btsctPXBwOO9GWbmhQlnSjvOt1VYWl5ZXSuulzY2t7Z37N29popTSaFBYx7LdkgUcCagoZnm0E4kkCjk0AqHVxO/9QBSsVjc61ECfkT6gvUYJdpIgX3w6NUVC7JWcNMM7saeJKLPIbDLTsWZAi8SNydllKMe2F9eN6ZpBEJTTpTquE6i/YxIzSiHcclLFSSEDkkfOoYKEoHys+n5Y3xslC7uxdKU0Hiq/p7ISKTUKApNZ0T0QM17E/E/r5Pq3oWfMZGkGgSdLeqlHOsYT7LAXSaBaj4yhFDJzK2YDogkVJvESiYEd/7lRdI8rbhnlepttVy7zOMookN0hE6Qi85RDV2jOmogijL0jF7Rm/VkvVjv1sestWDlM/voD6zPH1Zllbk=</latexit>

|!WLVR→

<latexit sha1_base64="+Q/w80QyiD23YBCn2GqBUZN5zNk="></latexit>

F =
→!WLVR |!WLVR↑

→V V ↑→WW ↑ =
tr
(
W †W ω

1
2 V †V ω

1
2

)

tr (V †V ω) tr (W †W ω)

<latexit sha1_base64="LozqYKu4S1OaEXq/gLbnc20MLP4=">AAACE3icbZDLSsNAFIYnXmu9RV26CRZBRELSprdd0Y3LCvYCaSiT6aQdOrkwMxFKyDu48VXcuFDErRt3vo2TtAttPTDw8f/nzJz53YgSLgzjW1lb39jc2i7sFHf39g8O1aPjLg9jhnAHhTRkfRdyTEmAO4IIivsRw9B3Ke6505vM7z1gxkkY3ItZhB0fjgPiEQSFlIbqZTLIL7HZ2HUSQ282KrV69crQy81qvVHJwDJrlpX20qFaMnQjL20VzAWUwKLaQ/VrMApR7ONAIAo5t00jEk4CmSCI4rQ4iDmOIJrCMbYlBtDH3EnydVLtXCojzQuZPIHQcvX3RAJ9zme+Kzt9KCZ82cvE/zw7Fl7DSUgQxQIHaP6QF1NNhFoWkDYiDCNBZxIgYkTuqqEJZBAJGWNRhmAuf3kVumXdrOnWnVVqXS/iKIBTcAYugAnqoAVuQRt0AAKP4Bm8gjflSXlR3pWPeeuaspg5AX9K+fwBstaaPA==</latexit>

W
<latexit sha1_base64="ZFzk9KWmAc4Eoe3Bkg6ImyxgZ+I=">AAACE3icbVDLSgMxFM3UV62vUZdugkUQKcNMW9u6K7pxWcG2wnQomTRtQzMPkoxQhvkHN/6KGxeKuHXjzr8xnY6grRcCJ+ece3Nz3JBRIU3zS8utrK6tb+Q3C1vbO7t7+v5BRwQRx6SNAxbwOxcJwqhP2pJKRu5CTpDnMtJ1J1czvXtPuKCBfyunIXE8NPLpkGIkFdXXz+JeOsTmI9eJTaNcKZ/XGyXTqFWqF7VKyTLMtJJO0teLZnaDy+DHWARZtfr6Z28Q4MgjvsQMCWFbZiidGHFJMSNJoRcJEiI8QSNiK+gjjwgnTtdJ4IliBnAYcHV8CVP2d0eMPCGmnqucHpJjsajNyP80O5LDhhNTP4wk8fH8oWHEoAzgLCA4oJxgyaYKIMyp2hXiMeIISxVjQYVgLX55GXTKhlUzqjfVYvMyiyMPjsAxOAUWqIMmuAYt0AYYPIAn8AJetUftWXvT3ufWnJb1HII/pX18A3wbmhk=</latexit>

V

<latexit sha1_base64="ZFzk9KWmAc4Eoe3Bkg6ImyxgZ+I=">AAACE3icbVDLSgMxFM3UV62vUZdugkUQKcNMW9u6K7pxWcG2wnQomTRtQzMPkoxQhvkHN/6KGxeKuHXjzr8xnY6grRcCJ+ece3Nz3JBRIU3zS8utrK6tb+Q3C1vbO7t7+v5BRwQRx6SNAxbwOxcJwqhP2pJKRu5CTpDnMtJ1J1czvXtPuKCBfyunIXE8NPLpkGIkFdXXz+JeOsTmI9eJTaNcKZ/XGyXTqFWqF7VKyTLMtJJO0teLZnaDy+DHWARZtfr6Z28Q4MgjvsQMCWFbZiidGHFJMSNJoRcJEiI8QSNiK+gjjwgnTtdJ4IliBnAYcHV8CVP2d0eMPCGmnqucHpJjsajNyP80O5LDhhNTP4wk8fH8oWHEoAzgLCA4oJxgyaYKIMyp2hXiMeIISxVjQYVgLX55GXTKhlUzqjfVYvMyiyMPjsAxOAUWqIMmuAYt0AYYPIAn8AJetUftWXvT3ufWnJb1HII/pX18A3wbmhk=</latexit>

V

<latexit sha1_base64="LozqYKu4S1OaEXq/gLbnc20MLP4=">AAACE3icbZDLSsNAFIYnXmu9RV26CRZBRELSprdd0Y3LCvYCaSiT6aQdOrkwMxFKyDu48VXcuFDErRt3vo2TtAttPTDw8f/nzJz53YgSLgzjW1lb39jc2i7sFHf39g8O1aPjLg9jhnAHhTRkfRdyTEmAO4IIivsRw9B3Ke6505vM7z1gxkkY3ItZhB0fjgPiEQSFlIbqZTLIL7HZ2HUSQ282KrV69crQy81qvVHJwDJrlpX20qFaMnQjL20VzAWUwKLaQ/VrMApR7ONAIAo5t00jEk4CmSCI4rQ4iDmOIJrCMbYlBtDH3EnydVLtXCojzQuZPIHQcvX3RAJ9zme+Kzt9KCZ82cvE/zw7Fl7DSUgQxQIHaP6QF1NNhFoWkDYiDCNBZxIgYkTuqqEJZBAJGWNRhmAuf3kVumXdrOnWnVVqXS/iKIBTcAYugAnqoAVuQRt0AAKP4Bm8gjflSXlR3pWPeeuaspg5AX9K+fwBstaaPA==</latexit>

W

<latexit sha1_base64="guZ4+n6vyM9b7VsYmi9wUR/oFEE=">AAAB8HicbVA9SwNBEJ3zM8avqKXNYhBsjHchqIVFwMYygvmQ5Ah7m7lkye7dsbsnhJBfYWOhiK0/x85/4ya5QhMfDDzem2FmXpAIro3rfjsrq2vrG5u5rfz2zu7efuHgsKHjVDGss1jEqhVQjYJHWDfcCGwlCqkMBDaD4e3Ubz6h0jyOHswoQV/SfsRDzqix0uM57wRo6EW5Wyi6JXcGsky8jBQhQ61b+Or0YpZKjAwTVOu25ybGH1NlOBM4yXdSjQllQ9rHtqURlaj98ezgCTm1So+EsbIVGTJTf0+MqdR6JAPbKakZ6EVvKv7ntVMTXvtjHiWpwYjNF4WpICYm0+9JjytkRowsoUxxeythA6ooMzajvA3BW3x5mTTKJe+yVLmvFKs3WRw5OIYTOAMPrqAKd1CDOjCQ8Ayv8OYo58V5dz7mrStONnMEf+B8/gDXko/G</latexit>

→iω/2

<latexit sha1_base64="guZ4+n6vyM9b7VsYmi9wUR/oFEE=">AAAB8HicbVA9SwNBEJ3zM8avqKXNYhBsjHchqIVFwMYygvmQ5Ah7m7lkye7dsbsnhJBfYWOhiK0/x85/4ya5QhMfDDzem2FmXpAIro3rfjsrq2vrG5u5rfz2zu7efuHgsKHjVDGss1jEqhVQjYJHWDfcCGwlCqkMBDaD4e3Ubz6h0jyOHswoQV/SfsRDzqix0uM57wRo6EW5Wyi6JXcGsky8jBQhQ61b+Or0YpZKjAwTVOu25ybGH1NlOBM4yXdSjQllQ9rHtqURlaj98ezgCTm1So+EsbIVGTJTf0+MqdR6JAPbKakZ6EVvKv7ntVMTXvtjHiWpwYjNF4WpICYm0+9JjytkRowsoUxxeythA6ooMzajvA3BW3x5mTTKJe+yVLmvFKs3WRw5OIYTOAMPrqAKd1CDOjCQ8Ayv8OYo58V5dz7mrStONnMEf+B8/gDXko/G</latexit>

→iω/2

—> not an OTOC!  
—> time ordered

“t-channel” “s-channel”

<latexit sha1_base64="LozqYKu4S1OaEXq/gLbnc20MLP4=">AAACE3icbZDLSsNAFIYnXmu9RV26CRZBRELSprdd0Y3LCvYCaSiT6aQdOrkwMxFKyDu48VXcuFDErRt3vo2TtAttPTDw8f/nzJz53YgSLgzjW1lb39jc2i7sFHf39g8O1aPjLg9jhnAHhTRkfRdyTEmAO4IIivsRw9B3Ke6505vM7z1gxkkY3ItZhB0fjgPiEQSFlIbqZTLIL7HZ2HUSQ282KrV69crQy81qvVHJwDJrlpX20qFaMnQjL20VzAWUwKLaQ/VrMApR7ONAIAo5t00jEk4CmSCI4rQ4iDmOIJrCMbYlBtDH3EnydVLtXCojzQuZPIHQcvX3RAJ9zme+Kzt9KCZ82cvE/zw7Fl7DSUgQxQIHaP6QF1NNhFoWkDYiDCNBZxIgYkTuqqEJZBAJGWNRhmAuf3kVumXdrOnWnVVqXS/iKIBTcAYugAnqoAVuQRt0AAKP4Bm8gjflSXlR3pWPeeuaspg5AX9K+fwBstaaPA==</latexit>

W

<latexit sha1_base64="ZFzk9KWmAc4Eoe3Bkg6ImyxgZ+I=">AAACE3icbVDLSgMxFM3UV62vUZdugkUQKcNMW9u6K7pxWcG2wnQomTRtQzMPkoxQhvkHN/6KGxeKuHXjzr8xnY6grRcCJ+ece3Nz3JBRIU3zS8utrK6tb+Q3C1vbO7t7+v5BRwQRx6SNAxbwOxcJwqhP2pJKRu5CTpDnMtJ1J1czvXtPuKCBfyunIXE8NPLpkGIkFdXXz+JeOsTmI9eJTaNcKZ/XGyXTqFWqF7VKyTLMtJJO0teLZnaDy+DHWARZtfr6Z28Q4MgjvsQMCWFbZiidGHFJMSNJoRcJEiI8QSNiK+gjjwgnTtdJ4IliBnAYcHV8CVP2d0eMPCGmnqucHpJjsajNyP80O5LDhhNTP4wk8fH8oWHEoAzgLCA4oJxgyaYKIMyp2hXiMeIISxVjQYVgLX55GXTKhlUzqjfVYvMyiyMPjsAxOAUWqIMmuAYt0AYYPIAn8AJetUftWXvT3ufWnJb1HII/pX18A3wbmhk=</latexit>

V

<latexit sha1_base64="ZFzk9KWmAc4Eoe3Bkg6ImyxgZ+I=">AAACE3icbVDLSgMxFM3UV62vUZdugkUQKcNMW9u6K7pxWcG2wnQomTRtQzMPkoxQhvkHN/6KGxeKuHXjzr8xnY6grRcCJ+ece3Nz3JBRIU3zS8utrK6tb+Q3C1vbO7t7+v5BRwQRx6SNAxbwOxcJwqhP2pJKRu5CTpDnMtJ1J1czvXtPuKCBfyunIXE8NPLpkGIkFdXXz+JeOsTmI9eJTaNcKZ/XGyXTqFWqF7VKyTLMtJJO0teLZnaDy+DHWARZtfr6Z28Q4MgjvsQMCWFbZiidGHFJMSNJoRcJEiI8QSNiK+gjjwgnTtdJ4IliBnAYcHV8CVP2d0eMPCGmnqucHpJjsajNyP80O5LDhhNTP4wk8fH8oWHEoAzgLCA4oJxgyaYKIMyp2hXiMeIISxVjQYVgLX55GXTKhlUzqjfVYvMyiyMPjsAxOAUWqIMmuAYt0AYYPIAn8AJetUftWXvT3ufWnJb1HII/pX18A3wbmhk=</latexit>

V

<latexit sha1_base64="LozqYKu4S1OaEXq/gLbnc20MLP4=">AAACE3icbZDLSsNAFIYnXmu9RV26CRZBRELSprdd0Y3LCvYCaSiT6aQdOrkwMxFKyDu48VXcuFDErRt3vo2TtAttPTDw8f/nzJz53YgSLgzjW1lb39jc2i7sFHf39g8O1aPjLg9jhnAHhTRkfRdyTEmAO4IIivsRw9B3Ke6505vM7z1gxkkY3ItZhB0fjgPiEQSFlIbqZTLIL7HZ2HUSQ282KrV69crQy81qvVHJwDJrlpX20qFaMnQjL20VzAWUwKLaQ/VrMApR7ONAIAo5t00jEk4CmSCI4rQ4iDmOIJrCMbYlBtDH3EnydVLtXCojzQuZPIHQcvX3RAJ9zme+Kzt9KCZ82cvE/zw7Fl7DSUgQxQIHaP6QF1NNhFoWkDYiDCNBZxIgYkTuqqEJZBAJGWNRhmAuf3kVumXdrOnWnVVqXS/iKIBTcAYugAnqoAVuQRt0AAKP4Bm8gjflSXlR3pWPeeuaspg5AX9K+fwBstaaPA==</latexit>

W

<latexit sha1_base64="61QdORd3xHEHlbJVfshgMaVC6yk=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5JIURcKBTfurGAf0IQwmU7aoTOTMDMRagj+ihsXirj1P9z5N07bLLT1wIXDOfdy7z1hwqjSjvNtlZaWV1bXyuuVjc2t7R17d6+t4lRi0sIxi2U3RIowKkhLU81IN5EE8ZCRTji6nvidByIVjcW9HifE52ggaEQx0kYK7IMr6KmUB1nmYcTgbR7oHAZ21ak5U8BF4hakCgo0A/vL68c45URozJBSPddJtJ8hqSlmJK94qSIJwiM0ID1DBeJE+dn0+hweG6UPo1iaEhpO1d8TGeJKjXloOjnSQzXvTcT/vF6qows/oyJJNRF4tihKGdQxnEQB+1QSrNnYEIQlNbdCPEQSYW0Cq5gQ3PmXF0n7tOae1ep39WrjsoijDA7BETgBLjgHDXADmqAFMHgEz+AVvFlP1ov1bn3MWktWMbMP/sD6/AG7HZTB</latexit>

=
∑

Ot

<latexit sha1_base64="g1uGOwxskBlEps6B8DzsFVbS8f8=">AAAB8XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E1MIiYGNnBPOByRH2NnvJkr29Y3dOCEf+hY2FIrb+Gzv/jZvkCk18MPB4b4aZeUEihUHX/XYKK6tr6xvFzdLW9s7uXnn/oGniVDPeYLGMdTughkuheAMFSt5ONKdRIHkrGN1M/dYT10bE6gHHCfcjOlAiFIyilR6zLqOS3E162CtX3Ko7A1kmXk4qkKPeK391+zFLI66QSWpMx3MT9DOqUTDJJ6VuanhC2YgOeMdSRSNu/Gx28YScWKVPwljbUkhm6u+JjEbGjKPAdkYUh2bRm4r/eZ0Uwys/EypJkSs2XxSmkmBMpu+TvtCcoRxbQpkW9lbChlRThjakkg3BW3x5mTTPqt5F9fz+vFK7zuMowhEcwyl4cAk1uIU6NICBgmd4hTfHOC/Ou/Mxby04+cwh/IHz+QNHVpCn</latexit>

Ot
<latexit sha1_base64="g3ULhz5fxq0+AKcIWZqJnjglS0I=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5JIURcKBTfurGAf0IQwmU7aoTOTMDMRagj+ihsXirj1P9z5N07bLLT1wIXDOfdy7z1hwqjSjvNtlZaWV1bXyuuVjc2t7R17d6+t4lRi0sIxi2U3RIowKkhLU81IN5EE8ZCRTji6nvidByIVjcW9HifE52ggaEQx0kYK7IMr6KmUB1nmYcTgbR6oHAZ21ak5U8BF4hakCgo0A/vL68c45URozJBSPddJtJ8hqSlmJK94qSIJwiM0ID1DBeJE+dn0+hweG6UPo1iaEhpO1d8TGeJKjXloOjnSQzXvTcT/vF6qows/oyJJNRF4tihKGdQxnEQB+1QSrNnYEIQlNbdCPEQSYW0Cq5gQ3PmXF0n7tOae1ep39WrjsoijDA7BETgBLjgHDXADmqAFMHgEz+AVvFlP1ov1bn3MWktWMbMP/sD6/AG5l5TA</latexit>

=
∑

Os

<latexit sha1_base64="LozqYKu4S1OaEXq/gLbnc20MLP4=">AAACE3icbZDLSsNAFIYnXmu9RV26CRZBRELSprdd0Y3LCvYCaSiT6aQdOrkwMxFKyDu48VXcuFDErRt3vo2TtAttPTDw8f/nzJz53YgSLgzjW1lb39jc2i7sFHf39g8O1aPjLg9jhnAHhTRkfRdyTEmAO4IIivsRw9B3Ke6505vM7z1gxkkY3ItZhB0fjgPiEQSFlIbqZTLIL7HZ2HUSQ282KrV69crQy81qvVHJwDJrlpX20qFaMnQjL20VzAWUwKLaQ/VrMApR7ONAIAo5t00jEk4CmSCI4rQ4iDmOIJrCMbYlBtDH3EnydVLtXCojzQuZPIHQcvX3RAJ9zme+Kzt9KCZ82cvE/zw7Fl7DSUgQxQIHaP6QF1NNhFoWkDYiDCNBZxIgYkTuqqEJZBAJGWNRhmAuf3kVumXdrOnWnVVqXS/iKIBTcAYugAnqoAVuQRt0AAKP4Bm8gjflSXlR3pWPeeuaspg5AX9K+fwBstaaPA==</latexit>

W

<latexit sha1_base64="ZFzk9KWmAc4Eoe3Bkg6ImyxgZ+I=">AAACE3icbVDLSgMxFM3UV62vUZdugkUQKcNMW9u6K7pxWcG2wnQomTRtQzMPkoxQhvkHN/6KGxeKuHXjzr8xnY6grRcCJ+ece3Nz3JBRIU3zS8utrK6tb+Q3C1vbO7t7+v5BRwQRx6SNAxbwOxcJwqhP2pJKRu5CTpDnMtJ1J1czvXtPuKCBfyunIXE8NPLpkGIkFdXXz+JeOsTmI9eJTaNcKZ/XGyXTqFWqF7VKyTLMtJJO0teLZnaDy+DHWARZtfr6Z28Q4MgjvsQMCWFbZiidGHFJMSNJoRcJEiI8QSNiK+gjjwgnTtdJ4IliBnAYcHV8CVP2d0eMPCGmnqucHpJjsajNyP80O5LDhhNTP4wk8fH8oWHEoAzgLCA4oJxgyaYKIMyp2hXiMeIISxVjQYVgLX55GXTKhlUzqjfVYvMyiyMPjsAxOAUWqIMmuAYt0AYYPIAn8AJetUftWXvT3ufWnJb1HII/pX18A3wbmhk=</latexit>

V

<latexit sha1_base64="ZFzk9KWmAc4Eoe3Bkg6ImyxgZ+I=">AAACE3icbVDLSgMxFM3UV62vUZdugkUQKcNMW9u6K7pxWcG2wnQomTRtQzMPkoxQhvkHN/6KGxeKuHXjzr8xnY6grRcCJ+ece3Nz3JBRIU3zS8utrK6tb+Q3C1vbO7t7+v5BRwQRx6SNAxbwOxcJwqhP2pJKRu5CTpDnMtJ1J1czvXtPuKCBfyunIXE8NPLpkGIkFdXXz+JeOsTmI9eJTaNcKZ/XGyXTqFWqF7VKyTLMtJJO0teLZnaDy+DHWARZtfr6Z28Q4MgjvsQMCWFbZiidGHFJMSNJoRcJEiI8QSNiK+gjjwgnTtdJ4IliBnAYcHV8CVP2d0eMPCGmnqucHpJjsajNyP80O5LDhhNTP4wk8fH8oWHEoAzgLCA4oJxgyaYKIMyp2hXiMeIISxVjQYVgLX55GXTKhlUzqjfVYvMyiyMPjsAxOAUWqIMmuAYt0AYYPIAn8AJetUftWXvT3ufWnJb1HII/pX18A3wbmhk=</latexit>

V

<latexit sha1_base64="LozqYKu4S1OaEXq/gLbnc20MLP4=">AAACE3icbZDLSsNAFIYnXmu9RV26CRZBRELSprdd0Y3LCvYCaSiT6aQdOrkwMxFKyDu48VXcuFDErRt3vo2TtAttPTDw8f/nzJz53YgSLgzjW1lb39jc2i7sFHf39g8O1aPjLg9jhnAHhTRkfRdyTEmAO4IIivsRw9B3Ke6505vM7z1gxkkY3ItZhB0fjgPiEQSFlIbqZTLIL7HZ2HUSQ282KrV69crQy81qvVHJwDJrlpX20qFaMnQjL20VzAWUwKLaQ/VrMApR7ONAIAo5t00jEk4CmSCI4rQ4iDmOIJrCMbYlBtDH3EnydVLtXCojzQuZPIHQcvX3RAJ9zme+Kzt9KCZ82cvE/zw7Fl7DSUgQxQIHaP6QF1NNhFoWkDYiDCNBZxIgYkTuqqEJZBAJGWNRhmAuf3kVumXdrOnWnVVqXS/iKIBTcAYugAnqoAVuQRt0AAKP4Bm8gjflSXlR3pWPeeuaspg5AX9K+fwBstaaPA==</latexit>

W

<latexit sha1_base64="OBx+8LO3lurHGTPY60awjbD3/jY=">AAAB8XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E1MIiYGNnBPOByRH2NnPJkr29Y3dPCEf+hY2FIrb+Gzv/jZvkCk18MPB4b4aZeUEiuDau++0UVlbX1jeKm6Wt7Z3dvfL+QVPHqWLYYLGIVTugGgWX2DDcCGwnCmkUCGwFo5up33pCpXksH8w4QT+iA8lDzqix0mPWZVSQu0lP98oVt+rOQJaJl5MK5Kj3yl/dfszSCKVhgmrd8dzE+BlVhjOBk1I31ZhQNqID7FgqaYTaz2YXT8iJVfokjJUtachM/T2R0UjrcRTYzoiaoV70puJ/Xic14ZWfcZmkBiWbLwpTQUxMpu+TPlfIjBhbQpni9lbChlRRZmxIJRuCt/jyMmmeVb2L6vn9eaV2ncdRhCM4hlPw4BJqcAt1aAADCc/wCm+Odl6cd+dj3lpw8plD+APn8wdF0pCm</latexit>

Os

<latexit sha1_base64="LozqYKu4S1OaEXq/gLbnc20MLP4=">AAACE3icbZDLSsNAFIYnXmu9RV26CRZBRELSprdd0Y3LCvYCaSiT6aQdOrkwMxFKyDu48VXcuFDErRt3vo2TtAttPTDw8f/nzJz53YgSLgzjW1lb39jc2i7sFHf39g8O1aPjLg9jhnAHhTRkfRdyTEmAO4IIivsRw9B3Ke6505vM7z1gxkkY3ItZhB0fjgPiEQSFlIbqZTLIL7HZ2HUSQ282KrV69crQy81qvVHJwDJrlpX20qFaMnQjL20VzAWUwKLaQ/VrMApR7ONAIAo5t00jEk4CmSCI4rQ4iDmOIJrCMbYlBtDH3EnydVLtXCojzQuZPIHQcvX3RAJ9zme+Kzt9KCZ82cvE/zw7Fl7DSUgQxQIHaP6QF1NNhFoWkDYiDCNBZxIgYkTuqqEJZBAJGWNRhmAuf3kVumXdrOnWnVVqXS/iKIBTcAYugAnqoAVuQRt0AAKP4Bm8gjflSXlR3pWPeeuaspg5AX9K+fwBstaaPA==</latexit>

W

<latexit sha1_base64="ZFzk9KWmAc4Eoe3Bkg6ImyxgZ+I=">AAACE3icbVDLSgMxFM3UV62vUZdugkUQKcNMW9u6K7pxWcG2wnQomTRtQzMPkoxQhvkHN/6KGxeKuHXjzr8xnY6grRcCJ+ece3Nz3JBRIU3zS8utrK6tb+Q3C1vbO7t7+v5BRwQRx6SNAxbwOxcJwqhP2pJKRu5CTpDnMtJ1J1czvXtPuKCBfyunIXE8NPLpkGIkFdXXz+JeOsTmI9eJTaNcKZ/XGyXTqFWqF7VKyTLMtJJO0teLZnaDy+DHWARZtfr6Z28Q4MgjvsQMCWFbZiidGHFJMSNJoRcJEiI8QSNiK+gjjwgnTtdJ4IliBnAYcHV8CVP2d0eMPCGmnqucHpJjsajNyP80O5LDhhNTP4wk8fH8oWHEoAzgLCA4oJxgyaYKIMyp2hXiMeIISxVjQYVgLX55GXTKhlUzqjfVYvMyiyMPjsAxOAUWqIMmuAYt0AYYPIAn8AJetUftWXvT3ufWnJb1HII/pX18A3wbmhk=</latexit>

V

<latexit sha1_base64="ZFzk9KWmAc4Eoe3Bkg6ImyxgZ+I=">AAACE3icbVDLSgMxFM3UV62vUZdugkUQKcNMW9u6K7pxWcG2wnQomTRtQzMPkoxQhvkHN/6KGxeKuHXjzr8xnY6grRcCJ+ece3Nz3JBRIU3zS8utrK6tb+Q3C1vbO7t7+v5BRwQRx6SNAxbwOxcJwqhP2pJKRu5CTpDnMtJ1J1czvXtPuKCBfyunIXE8NPLpkGIkFdXXz+JeOsTmI9eJTaNcKZ/XGyXTqFWqF7VKyTLMtJJO0teLZnaDy+DHWARZtfr6Z28Q4MgjvsQMCWFbZiidGHFJMSNJoRcJEiI8QSNiK+gjjwgnTtdJ4IliBnAYcHV8CVP2d0eMPCGmnqucHpJjsajNyP80O5LDhhNTP4wk8fH8oWHEoAzgLCA4oJxgyaYKIMyp2hXiMeIISxVjQYVgLX55GXTKhlUzqjfVYvMyiyMPjsAxOAUWqIMmuAYt0AYYPIAn8AJetUftWXvT3ufWnJb1HII/pX18A3wbmhk=</latexit>

V

<latexit sha1_base64="LozqYKu4S1OaEXq/gLbnc20MLP4=">AAACE3icbZDLSsNAFIYnXmu9RV26CRZBRELSprdd0Y3LCvYCaSiT6aQdOrkwMxFKyDu48VXcuFDErRt3vo2TtAttPTDw8f/nzJz53YgSLgzjW1lb39jc2i7sFHf39g8O1aPjLg9jhnAHhTRkfRdyTEmAO4IIivsRw9B3Ke6505vM7z1gxkkY3ItZhB0fjgPiEQSFlIbqZTLIL7HZ2HUSQ282KrV69crQy81qvVHJwDJrlpX20qFaMnQjL20VzAWUwKLaQ/VrMApR7ONAIAo5t00jEk4CmSCI4rQ4iDmOIJrCMbYlBtDH3EnydVLtXCojzQuZPIHQcvX3RAJ9zme+Kzt9KCZ82cvE/zw7Fl7DSUgQxQIHaP6QF1NNhFoWkDYiDCNBZxIgYkTuqqEJZBAJGWNRhmAuf3kVumXdrOnWnVVqXS/iKIBTcAYugAnqoAVuQRt0AAKP4Bm8gjflSXlR3pWPeeuaspg5AX9K+fwBstaaPA==</latexit>

W

<latexit sha1_base64="iftMyoXXmPA74T0GPT79lbjFD7g=">AAAB8XicbVC7SgNBFL0bXzG+opY2g0GwCrsS1MIiYGMZwTwwWcLs5G4yZHZ2mZkVwpK/sLFQxNa/sfNvnCRbaOKBgcM59zLnniARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e3Mbz+h0jyWD2aSoB/RoeQhZ9RY6bEXUTMKwsyb9ssVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+aJp+TMKgMSxso+achc/b2R0UjrSRTYyVlCvezNxP+8bmrCaz/jMkkNSrb4KEwFMTGZnU8GXCEzYmIJZYrbrISNqKLM2JJKtgRv+eRV0rqoepfV2n2tUr/J6yjCCZzCOXhwBXW4gwY0gYGEZ3iFN0c7L86787EYLTj5zjH8gfP5A5J2kNg=</latexit>

1
<latexit sha1_base64="v3bNiy2m/zoD5YDxunWhkqDQQYM=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUA8KAS8eEzAPSJYwO+lNxszOLjOzQgj5Ai8eFPHqJ3nzb5wke9DEgoaiqpvuriARXBvX/XZya+sbm1v57cLO7t7+QfHwqKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0d3Mbz2h0jyWD2acoB/RgeQhZ9RYqX7bK5bcsjsHWSVeRkqQodYrfnX7MUsjlIYJqnXHcxPjT6gynAmcFrqpxoSyER1gx1JJI9T+ZH7olJxZpU/CWNmShszV3xMTGmk9jgLbGVEz1MveTPzP66QmvPYnXCapQckWi8JUEBOT2dekzxUyI8aWUKa4vZWwIVWUGZtNwYbgLb+8SpoXZe+yXKlXStWbLI48nMApnIMHV1CFe6hBAxggPMMrvDmPzovz7nwsWnNONnMMf+B8/gCN7YzE</latexit>=

<latexit sha1_base64="i0bJUvjZeZuNTXRqS65/GGBet8E=">AAACGHicbVDLSgNBEJz1bXxFPXoZDIIixl0RFfQQ0IM3FYwK2Rh6J504OPtgplcMy36GF3/FiwdFvObm3ziJOfgqaCiquunuChIlDbnuhzM0PDI6Nj4xWZianpmdK84vXJg41QKrIlaxvgrAoJIRVkmSwqtEI4SBwsvg9rDnX96hNjKOzqmTYD2EdiRbUgBZqVHcXOf+fuYLUPwk9wPZXuV4nW2Qf4SKoOET3lPWhiTPec9daxRLbtntg/8l3oCU2ACnjWLXb8YiDTEiocCYmucmVM9AkxQK84KfGkxA3EIba5ZGEKKpZ/3Hcr5ilSZvxdpWRLyvfp/IIDSmEwa2MwS6Mb+9nvifV0uptVfPZJSkhJH4WtRKFaeY91LiTalRkOpYAkJLeysXN6BBkM2yYEPwfr/8l1xslb2d8vbZdqlyMIhjgi2xZbbKPLbLKuyYnbIqE+yBPbEX9uo8Os/Om/P+1TrkDGYW2Q843U9LKZ9Y</latexit>

+ O
(
e→t!gap

)

<latexit sha1_base64="EpUCMpQpVdfKhCiRqFGFiM6ROH8=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBU9mVoh48FLx4rGA/oF1KNs22odkkJFmxLP0RXjwo4tXf481/Y9ruQVsfDDzem2FmXqQ4M9b3v73C2vrG5lZxu7Szu7d/UD48ahmZakKbRHKpOxE2lDNBm5ZZTjtKU5xEnLaj8e3Mbz9SbZgUD3aiaJjgoWAxI9g6qd3DSmn51C9X/Ko/B1olQU4qkKPRL3/1BpKkCRWWcGxMN/CVDTOsLSOcTku91FCFyRgPaddRgRNqwmx+7hSdOWWAYqldCYvm6u+JDCfGTJLIdSbYjsyyNxP/87qpja/DjAmVWirIYlGccmQlmv2OBkxTYvnEEUw0c7ciMsIaE+sSKrkQguWXV0nrohpcVmv3tUr9Jo+jCCdwCucQwBXU4Q4a0AQCY3iGV3jzlPfivXsfi9aCl88cwx94nz+Ugo+5</latexit>→

<latexit sha1_base64="WrKT3G9kAzvPEXLh+3w+cSj943w="></latexit>

=
∑

Os

C2
wvs →BWVOs |BWVOs↑︸ ︷︷ ︸

conformal blocks
<latexit sha1_base64="N3qgAMz0I4rOINMf9hRgfS6mmPc=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1iEClISKerCRcGNywr2AU0Ik+mkHTp5MDMR2lD8FTcuFHHrf7jzb5y2WWjrgQuHc+7l3nv8hDOpLOvbKKysrq1vFDdLW9s7u3vm/kFLxqkgtEliHouOjyXlLKJNxRSnnURQHPqctv3h7dRvP1IhWRw9qFFC3RD3IxYwgpWWPPMocwjmqDXxZGV87vhYoPGZZ5atqjUDWiZ2TsqQo+GZX04vJmlII0U4lrJrW4lyMywUI5xOSk4qaYLJEPdpV9MIh1S62ez6CTrVSg8FsdAVKTRTf09kOJRyFPq6M8RqIBe9qfif101VcO1mLEpSRSMyXxSkHKkYTaNAPSYoUXykCSaC6VsRGWCBidKBlXQI9uLLy6R1UbUvq7X7Wrl+k8dRhGM4gQrYcAV1uIMGNIHAGJ7hFd6MJ+PFeDc+5q0FI585hD8wPn8ALsSUZA==</latexit>

Vs(z, z̄)
<latexit sha1_base64="6qgq4YPV2/FwzaY+2GrGa4VowoY=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe4kqIVFwMYyARMDyRH2NnPJmr29Y3dPCEd+gY2FIrb+JDv/jZvkCk18MPB4b4aZeUEiuDau++0U1tY3NreK26Wd3b39g/LhUVvHqWLYYrGIVSegGgWX2DLcCOwkCmkUCHwIxrcz/+EJleaxvDeTBP2IDiUPOaPGSk2vX664VXcOskq8nFQgR6Nf/uoNYpZGKA0TVOuu5ybGz6gynAmclnqpxoSyMR1i11JJI9R+Nj90Ss6sMiBhrGxJQ+bq74mMRlpPosB2RtSM9LI3E//zuqkJr/2MyyQ1KNliUZgKYmIy+5oMuEJmxMQSyhS3txI2oooyY7Mp2RC85ZdXSfui6l1Wa81apX6Tx1GEEziFc/DgCupwBw1oAQOEZ3iFN+fReXHenY9Fa8HJZ47hD5zPH3u9jLg=</latexit>

1



<latexit sha1_base64="WrKT3G9kAzvPEXLh+3w+cSj943w="></latexit>

=
∑

Os

C2
wvs →BWVOs |BWVOs↑︸ ︷︷ ︸

conformal blocks
<latexit sha1_base64="N3qgAMz0I4rOINMf9hRgfS6mmPc=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1iEClISKerCRcGNywr2AU0Ik+mkHTp5MDMR2lD8FTcuFHHrf7jzb5y2WWjrgQuHc+7l3nv8hDOpLOvbKKysrq1vFDdLW9s7u3vm/kFLxqkgtEliHouOjyXlLKJNxRSnnURQHPqctv3h7dRvP1IhWRw9qFFC3RD3IxYwgpWWPPMocwjmqDXxZGV87vhYoPGZZ5atqjUDWiZ2TsqQo+GZX04vJmlII0U4lrJrW4lyMywUI5xOSk4qaYLJEPdpV9MIh1S62ez6CTrVSg8FsdAVKTRTf09kOJRyFPq6M8RqIBe9qfif101VcO1mLEpSRSMyXxSkHKkYTaNAPSYoUXykCSaC6VsRGWCBidKBlXQI9uLLy6R1UbUvq7X7Wrl+k8dRhGM4gQrYcAV1uIMGNIHAGJ7hFd6MJ+PFeDc+5q0FI585hD8wPn8ALsSUZA==</latexit>

Vs(z, z̄)

<latexit sha1_base64="6qgq4YPV2/FwzaY+2GrGa4VowoY=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe4kqIVFwMYyARMDyRH2NnPJmr29Y3dPCEd+gY2FIrb+JDv/jZvkCk18MPB4b4aZeUEiuDau++0U1tY3NreK26Wd3b39g/LhUVvHqWLYYrGIVSegGgWX2DLcCOwkCmkUCHwIxrcz/+EJleaxvDeTBP2IDiUPOaPGSk2vX664VXcOskq8nFQgR6Nf/uoNYpZGKA0TVOuu5ybGz6gynAmclnqpxoSyMR1i11JJI9R+Nj90Ss6sMiBhrGxJQ+bq74mMRlpPosB2RtSM9LI3E//zuqkJr/2MyyQ1KNliUZgKYmIy+5oMuEJmxMQSyhS3txI2oooyY7Mp2RC85ZdXSfui6l1Wa81apX6Tx1GEEziFc/DgCupwBw1oAQOEZ3iFN+fReXHenY9Fa8HJZ47hD5zPH3u9jLg=</latexit>

1

How does the decomposition of 1 into s-channel conformal blocks change as 
a function of                         ? 

<latexit sha1_base64="q9WNdwkDXnadWj4oEAxVIMv+MvA=">AAAB+XicbVBNS8NAEN34WetX1KOXxSJ4sSRS1IOHghePFewHtCFstpt26WYTdyeREvpPvHhQxKv/xJv/xm2bg7Y+GHi8N8PMvCARXIPjfFsrq2vrG5ulrfL2zu7evn1w2NJxqihr0ljEqhMQzQSXrAkcBOskipEoEKwdjG6nfjtjSvNYPsA4YV5EBpKHnBIwkm/b0GOPKc/wOfiZqSffrjhVZwa8TNyCVFCBhm9/9foxTSMmgQqiddd1EvByooBTwSblXqpZQuiIDFjXUEkipr18dvkEnxqlj8NYmZKAZ+rviZxEWo+jwHRGBIZ60ZuK/3ndFMJrL+cySYFJOl8UpgJDjKcx4D5XjIIYG0Ko4uZWTIdEEQomrLIJwV18eZm0LqruZbV2X6vUb4o4SugYnaAz5KIrVEd3qIGaiKIMPaNX9Gbl1ov1bn3MW1esYuYI/YH1+QMkx5NV</latexit>

t → ↑tv ↑ tw



<latexit sha1_base64="WrKT3G9kAzvPEXLh+3w+cSj943w="></latexit>

=
∑

Os

C2
wvs →BWVOs |BWVOs↑︸ ︷︷ ︸

conformal blocks
<latexit sha1_base64="N3qgAMz0I4rOINMf9hRgfS6mmPc=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1iEClISKerCRcGNywr2AU0Ik+mkHTp5MDMR2lD8FTcuFHHrf7jzb5y2WWjrgQuHc+7l3nv8hDOpLOvbKKysrq1vFDdLW9s7u3vm/kFLxqkgtEliHouOjyXlLKJNxRSnnURQHPqctv3h7dRvP1IhWRw9qFFC3RD3IxYwgpWWPPMocwjmqDXxZGV87vhYoPGZZ5atqjUDWiZ2TsqQo+GZX04vJmlII0U4lrJrW4lyMywUI5xOSk4qaYLJEPdpV9MIh1S62ez6CTrVSg8FsdAVKTRTf09kOJRyFPq6M8RqIBe9qfif101VcO1mLEpSRSMyXxSkHKkYTaNAPSYoUXykCSaC6VsRGWCBidKBlXQI9uLLy6R1UbUvq7X7Wrl+k8dRhGM4gQrYcAV1uIMGNIHAGJ7hFd6MJ+PFeDc+5q0FI585hD8wPn8ALsSUZA==</latexit>

Vs(z, z̄)

<latexit sha1_base64="6qgq4YPV2/FwzaY+2GrGa4VowoY=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe4kqIVFwMYyARMDyRH2NnPJmr29Y3dPCEd+gY2FIrb+JDv/jZvkCk18MPB4b4aZeUEiuDau++0U1tY3NreK26Wd3b39g/LhUVvHqWLYYrGIVSegGgWX2DLcCOwkCmkUCHwIxrcz/+EJleaxvDeTBP2IDiUPOaPGSk2vX664VXcOskq8nFQgR6Nf/uoNYpZGKA0TVOuu5ybGz6gynAmclnqpxoSyMR1i11JJI9R+Nj90Ss6sMiBhrGxJQ+bq74mMRlpPosB2RtSM9LI3E//zuqkJr/2MyyQ1KNliUZgKYmIy+5oMuEJmxMQSyhS3txI2oooyY7Mp2RC85ZdXSfui6l1Wa81apX6Tx1GEEziFc/DgCupwBw1oAQOEZ3iFN+fReXHenY9Fa8HJZ47hD5zPH3u9jLg=</latexit>

1

How does the decomposition of 1 into s-channel conformal blocks change as 
a function of                         ? 

<latexit sha1_base64="q9WNdwkDXnadWj4oEAxVIMv+MvA=">AAAB+XicbVBNS8NAEN34WetX1KOXxSJ4sSRS1IOHghePFewHtCFstpt26WYTdyeREvpPvHhQxKv/xJv/xm2bg7Y+GHi8N8PMvCARXIPjfFsrq2vrG5ulrfL2zu7evn1w2NJxqihr0ljEqhMQzQSXrAkcBOskipEoEKwdjG6nfjtjSvNYPsA4YV5EBpKHnBIwkm/b0GOPKc/wOfiZqSffrjhVZwa8TNyCVFCBhm9/9foxTSMmgQqiddd1EvByooBTwSblXqpZQuiIDFjXUEkipr18dvkEnxqlj8NYmZKAZ+rviZxEWo+jwHRGBIZ60ZuK/3ndFMJrL+cySYFJOl8UpgJDjKcx4D5XjIIYG0Ko4uZWTIdEEQomrLIJwV18eZm0LqruZbV2X6vUb4o4SugYnaAz5KIrVEd3qIGaiKIMPaNX9Gbl1ov1bn3MW1esYuYI/YH1+QMkx5NV</latexit>

t → ↑tv ↑ tw

Conformal bootstrap tells us the approximate spectrum of exchanges     <latexit sha1_base64="OBx+8LO3lurHGTPY60awjbD3/jY=">AAAB8XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E1MIiYGNnBPOByRH2NnPJkr29Y3dPCEf+hY2FIrb+Gzv/jZvkCk18MPB4b4aZeUEiuDau++0UVlbX1jeKm6Wt7Z3dvfL+QVPHqWLYYLGIVTugGgWX2DDcCGwnCmkUCGwFo5up33pCpXksH8w4QT+iA8lDzqix0mPWZVSQu0lP98oVt+rOQJaJl5MK5Kj3yl/dfszSCKVhgmrd8dzE+BlVhjOBk1I31ZhQNqID7FgqaYTaz2YXT8iJVfokjJUtachM/T2R0UjrcRTYzoiaoV70puJ/Xic14ZWfcZmkBiWbLwpTQUxMpu+TPlfIjBhbQpni9lbChlRRZmxIJRuCt/jyMmmeVb2L6vn9eaV2ncdRhCM4hlPw4BJqcAt1aAADCc/wCm+Odl6cd+dj3lpw8plD+APn8wdF0pCm</latexit>

Os

<latexit sha1_base64="LhJu+kD/Z9oYnDGIMVn16hGi6/s=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARRLAkpagLhYIblxXsA9oQJtNJO3RmEmYmQolZ+CtuXCji1t9w5984bbPQ1gMXDufcy733BDGjSjvOt1VYWl5ZXSuulzY2t7Z37N29looSiUkTRyySnQApwqggTU01I51YEsQDRtrB6Gbitx+IVDQS93ocE4+jgaAhxUgbybcPhn7K/dPsuhdKhFN85mZptZb5dtmpOFPAReLmpAxyNHz7q9ePcMKJ0JghpbquE2svRVJTzEhW6iWKxAiP0IB0DRWIE+Wl0/szeGyUPgwjaUpoOFV/T6SIKzXmgenkSA/VvDcR//O6iQ4vvZSKONFE4NmiMGFQR3ASBuxTSbBmY0MQltTcCvEQmSC0iaxkQnDnX14krWrFPa/U7mrl+lUeRxEcgiNwAlxwAergFjRAE2DwCJ7BK3iznqwX6936mLUWrHxmH/yB9fkDK1aViw==</latexit>

hm→ =
c→ 1

24

<latexit sha1_base64="YIXg13Q2d84oBTtiHKgqfCoVMdM=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe4kqIVFwMYyARMDyRH2NnPJmr29Y3dPCEd+gY2FIrb+JDv/jZvkCk18MPB4b4aZeUEiuDau++0U1tY3NreK26Wd3b39g/LhUVvHqWLYYrGIVSegGgWX2DLcCOwkCmkUCHwIxrcz/+EJleaxvDeTBP2IDiUPOaPGSs1Rv1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7olJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jUZcIXMiIkllClubyVsRBVlxmZTsiF4yy+vkvZF1bus1pq1Sv0mj6MIJ3AK5+DBFdThDhrQAgYIz/AKb86j8+K8Ox+L1oKTzxzDHzifP88ZjO8=</latexit>

h

<latexit sha1_base64="O2g8SVCtYoA7d3NIj2kQDq8rbLU=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe4kqIVFwMYyovmA5Ah7m7lkyd7esbsnhCM/wcZCEVt/kZ3/xk1yhSY+GHi8N8PMvCARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e3Mbz+h0jyWj2aSoB/RoeQhZ9RY6WHU9/rlilt15yCrxMtJBXI0+uWv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzU6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDaz7hMUoOSLRaFqSAmJrO/yYArZEZMLKFMcXsrYSOqKDM2nZINwVt+eZW0LqreZbV2X6vUb/I4inACp3AOHlxBHe6gAU1gMIRneIU3RzgvzrvzsWgtOPnMMfyB8/kD9GGNkw==</latexit>

h1
<latexit sha1_base64="2xxnBWVDTI6gaeWAeFeSNkSg7AA=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5CUAuLgI1lRBMDyRH2NnvJkr29Y3dOCEd+go2FIrb+Ijv/jZvkCk18MPB4b4aZeUEihUHX/XYKa+sbm1vF7dLO7t7+QfnwqG3iVDPeYrGMdSeghkuheAsFSt5JNKdRIPljML6Z+Y9PXBsRqwecJNyP6FCJUDCKVrof9Wv9csWtunOQVeLlpAI5mv3yV28QszTiCpmkxnQ9N0E/oxoFk3xa6qWGJ5SN6ZB3LVU04sbP5qdOyZlVBiSMtS2FZK7+nshoZMwkCmxnRHFklr2Z+J/XTTG88jOhkhS5YotFYSoJxmT2NxkIzRnKiSWUaWFvJWxENWVo0ynZELzll1dJu1b1Lqr1u3qlcZ3HUYQTOIVz8OASGnALTWgBgyE8wyu8OdJ5cd6dj0VrwclnjuEPnM8f9eWNlA==</latexit>

h2
<latexit sha1_base64="N0EcgziJcAJNDmK4HUCZwaDQD8Y=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe4kqIVFwMYyovmA5Ah7m7lkyd7esbsnhCM/wcZCEVt/kZ3/xk1yhSY+GHi8N8PMvCARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e3Mbz+h0jyWj2aSoB/RoeQhZ9RY6WHUd/vlilt15yCrxMtJBXI0+uWv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzU6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDaz7hMUoOSLRaFqSAmJrO/yYArZEZMLKFMcXsrYSOqKDM2nZINwVt+eZW0LqreZbV2X6vUb/I4inACp3AOHlxBHe6gAU1gMIRneIU3RzgvzrvzsWgtOPnMMfyB8/kD8t2Nkg==</latexit>

h0

Discrete light “double-twist” operators              :

Continuum of heavy “mean-field” operators:

Labelled by s-channel conformal weights              or                                        :

[Ponsot/Teschner] … [Caron-Huot] … [Collier/Gobeil/Maxfi

<latexit sha1_base64="p3nsN26nGx6coOwUregtSz3R/UU=">AAACFnicbVDLSgMxFM34rPU16tJNsAhVa5kpRV1YKLhxWcE+oFOGTCZtQ5OZaZKplNKvcOOvuHGhiFtx59+YtrPQ1gO5HM65l5t7vIhRqSzr21haXlldW09tpDe3tnd2zb39mgxjgUkVhywUDQ9JwmhAqooqRhqRIIh7jNS93s3Erw+IkDQM7tUwIi2OOgFtU4yUllzzvOtyWIJddwDPdH3QlUOn34+RD7O8ZOcKOYf5oZI57p6euGbGyltTwEViJyQDElRc88vxQxxzEijMkJRN24pUa4SEopiRcdqJJYkQ7qEOaWoaIE5kazQ9awyPteLDdij0CxScqr8nRohLOeSe7uRIdeW8NxH/85qxal+1RjSIYkUCPFvUjhlUIZxkBH0qCFZsqAnCguq/QtxFAmGlk0zrEOz5kxdJrZC3L/LFu2KmfJ3EkQKH4AhkgQ0uQRncggqoAgwewTN4BW/Gk/FivBsfs9YlI5k5AH9gfP4Aqweb8Q==</latexit>

hm = hv + hw +m (m = 1, 2, . . . ,m→)
<latexit sha1_base64="FnemgYUfs0FCSd5LdEb3/xvWTVo=">AAAB/XicbVDLSsNAFL3xWesrPnZuBovgxpKUoi5ECm5cVrAPaEOZTCft0MkkzEyEGoK/4saFIm79D3f+jdM2C209cOFwzr3ce48fc6a043xbS8srq2vrhY3i5tb2zq69t99UUSIJbZCIR7LtY0U5E7Shmea0HUuKQ5/Tlj+6mfitByoVi8S9HsfUC/FAsIARrI3Usw+HPYWuUTeQmKTkzM3SSjXr2SWn7EyBFombkxLkqPfsr24/IklIhSYcK9VxnVh7KZaaEU6zYjdRNMZkhAe0Y6jAIVVeOr0+QydG6aMgkqaERlP190SKQ6XGoW86Q6yHat6biP95nUQHl17KRJxoKshsUZBwpCM0iQL1maRE87EhmEhmbkVkiE0Q2gRWNCG48y8vkmal7J6Xq3fVUu0qj6MAR3AMp+DCBdTgFurQAAKP8Ayv8GY9WS/Wu/Uxa12y8pkD+APr8wfuAZQ9</latexit>

hs >
c→ 1

24

<latexit sha1_base64="fSPDt44C5Tk73sXJKDDL1vdvDxE=">AAACGHicbZDLSsNAFIYn9VbrLerSTbAILiQmksYKLgpuXFawF0hCmUwm7dDJhZmJUEIfw42v4saFIm67822cpllo64GBj/8/Z+bM76eUcGEY30plbX1jc6u6XdvZ3ds/UA+PujzJGMIdlNCE9X3IMSUx7ggiKO6nDMPIp7jnj+/mfu8JM06S+FFMUuxFcBiTkCAopDRQL3O3uMRhQ9/LDd2ybKPRuDB0wzTshlWAedO0py4KEsGnA7UupaK0VTBLqIOy2gN15gYJyiIcC0Qh545ppMLLIRMEUTytuRnHKURjOMSOxBhGmHt5sdNUO5NKoIUJkycWWqH+nshhxPkk8mVnBMWIL3tz8T/PyUTY9HISp5nAMVo8FGZUE4k2T0kLCMNI0IkEiBiRu2poBBlEQmZZkyGYy19ehe6Vbtq69WDVW7dlHFVwAk7BOTDBNWiBe9AGHYDAM3gF7+BDeVHelE/la9FaUcqZY/CnlNkPuWucbg==</latexit>· · ·

<latexit sha1_base64="hmsgwgagspxisOFz++0V7QEgNSQ=">AAAB7XicbVA9SwNBEJ2LXzF+RS1tDoNgFe4kqIVFwMYygvmA5Ah7e3vJmr3dY3dOCCH/wcZCEVv/j53/xk1yhSY+GHi8N8PMvDAV3KDnfTuFtfWNza3idmlnd2//oHx41DIq05Q1qRJKd0JimOCSNZGjYJ1UM5KEgrXD0e3Mbz8xbbiSDzhOWZCQgeQxpwSt1OrRSKHplyte1ZvDXSV+TiqQo9Evf/UiRbOESaSCGNP1vRSDCdHIqWDTUi8zLCV0RAasa6kkCTPBZH7t1D2zSuTGStuS6M7V3xMTkhgzTkLbmRAcmmVvJv7ndTOMr4MJl2mGTNLFojgTLip39robcc0oirElhGpub3XpkGhC0QZUsiH4yy+vktZF1b+s1u5rlfpNHkcRTuAUzsGHK6jDHTSgCRQe4Rle4c1Rzovz7nwsWgtOPnMMf+B8/gCvd48y</latexit>· · ·

black hole states

<latexit sha1_base64="s6meo3TV0TdOLhas4Ua7wDkasuE=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEIFaQkUtSDh4IXjxXsB7QhbLabdulmE3Y3Qg39JV48KOLVn+LNf+O2zUFbHww83pthZl6QcKa043xbhbX1jc2t4nZpZ3dvv2wfHLZVnEpCWyTmsewGWFHOBG1ppjntJpLiKOC0E4xvZ37nkUrFYvGgJwn1IjwULGQEayP5drk68tV5P8AyG019debbFafmzIFWiZuTCuRo+vZXfxCTNKJCE46V6rlOor0MS80Ip9NSP1U0wWSMh7RnqMARVV42P3yKTo0yQGEsTQmN5urviQxHSk2iwHRGWI/UsjcT//N6qQ6vvYyJJNVUkMWiMOVIx2iWAhowSYnmE0MwkczcisgIS0y0yapkQnCXX14l7Yuae1mr39crjZs8jiIcwwlUwYUraMAdNKEFBFJ4hld4s56sF+vd+li0Fqx85gj+wPr8ASDMkr4=</latexit>

(hs, h̄s)
<latexit sha1_base64="BQwBp+U5a+UcYiETdSwNp+got2I="></latexit>

(Es, Js) =
(
hs+h̄s

2 , h̄s → hs

)

<latexit sha1_base64="riIy/QrPoXdK8rBX0wDtjg82W/U="></latexit>

O
(m,m̄)
s

Higher boost  t  excites intermediate states      with higher energy
<latexit sha1_base64="OBx+8LO3lurHGTPY60awjbD3/jY=">AAAB8XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E1MIiYGNnBPOByRH2NnPJkr29Y3dPCEf+hY2FIrb+Gzv/jZvkCk18MPB4b4aZeUEiuDau++0UVlbX1jeKm6Wt7Z3dvfL+QVPHqWLYYLGIVTugGgWX2DDcCGwnCmkUCGwFo5up33pCpXksH8w4QT+iA8lDzqix0mPWZVSQu0lP98oVt+rOQJaJl5MK5Kj3yl/dfszSCKVhgmrd8dzE+BlVhjOBk1I31ZhQNqID7FgqaYTaz2YXT8iJVfokjJUtachM/T2R0UjrcRTYzoiaoV70puJ/Xic14ZWfcZmkBiWbLwpTQUxMpu+TPlfIjBhbQpni9lbChlRRZmxIJRuCt/jyMmmeVb2L6vn9eaV2ncdRhCM4hlPw4BJqcAt1aAADCc/wCm+Odl6cd+dj3lpw8plD+APn8wdF0pCm</latexit>

Os
<latexit sha1_base64="ww6zPP5UrBw5iq9o68nyo69Zb5Q=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1IOHgggeK9oPaEPZbCft0s0m7G6EEvoTvHhQxKu/yJv/xm2bg7Y+GHi8N8PMvCARXBvX/XYKK6tr6xvFzdLW9s7uXnn/oKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0c3Ubz2h0jyWj2acoB/RgeQhZ9RY6eG2p3vlilt1ZyDLxMtJBXLUe+Wvbj9maYTSMEG17nhuYvyMKsOZwEmpm2pMKBvRAXYslTRC7WezUyfkxCp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDKz7hMUoOSzReFqSAmJtO/SZ8rZEaMLaFMcXsrYUOqKDM2nZINwVt8eZk0z6reRfX8/rxSu87jKMIRHMMpeHAJNbiDOjSAwQCe4RXeHOG8OO/Ox7y14OQzh/AHzucPIyaNsg==</latexit>

Es



<latexit sha1_base64="WrKT3G9kAzvPEXLh+3w+cSj943w="></latexit>

=
∑

Os

C2
wvs →BWVOs |BWVOs↑︸ ︷︷ ︸

conformal blocks
<latexit sha1_base64="N3qgAMz0I4rOINMf9hRgfS6mmPc=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1iEClISKerCRcGNywr2AU0Ik+mkHTp5MDMR2lD8FTcuFHHrf7jzb5y2WWjrgQuHc+7l3nv8hDOpLOvbKKysrq1vFDdLW9s7u3vm/kFLxqkgtEliHouOjyXlLKJNxRSnnURQHPqctv3h7dRvP1IhWRw9qFFC3RD3IxYwgpWWPPMocwjmqDXxZGV87vhYoPGZZ5atqjUDWiZ2TsqQo+GZX04vJmlII0U4lrJrW4lyMywUI5xOSk4qaYLJEPdpV9MIh1S62ez6CTrVSg8FsdAVKTRTf09kOJRyFPq6M8RqIBe9qfif101VcO1mLEpSRSMyXxSkHKkYTaNAPSYoUXykCSaC6VsRGWCBidKBlXQI9uLLy6R1UbUvq7X7Wrl+k8dRhGM4gQrYcAV1uIMGNIHAGJ7hFd6MJ+PFeDc+5q0FI585hD8wPn8ALsSUZA==</latexit>

Vs(z, z̄)

<latexit sha1_base64="6qgq4YPV2/FwzaY+2GrGa4VowoY=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe4kqIVFwMYyARMDyRH2NnPJmr29Y3dPCEd+gY2FIrb+JDv/jZvkCk18MPB4b4aZeUEiuDau++0U1tY3NreK26Wd3b39g/LhUVvHqWLYYrGIVSegGgWX2DLcCOwkCmkUCHwIxrcz/+EJleaxvDeTBP2IDiUPOaPGSk2vX664VXcOskq8nFQgR6Nf/uoNYpZGKA0TVOuu5ybGz6gynAmclnqpxoSyMR1i11JJI9R+Nj90Ss6sMiBhrGxJQ+bq74mMRlpPosB2RtSM9LI3E//zuqkJr/2MyyQ1KNliUZgKYmIy+5oMuEJmxMQSyhS3txI2oooyY7Mp2RC85ZdXSfui6l1Wa81apX6Tx1GEEziFc/DgCupwBw1oAQOEZ3iFN+fReXHenY9Fa8HJZ47hD5zPH3u9jLg=</latexit>

1

How does the decomposition of 1 into s-channel conformal blocks change as 
a function of                         ? 

<latexit sha1_base64="q9WNdwkDXnadWj4oEAxVIMv+MvA=">AAAB+XicbVBNS8NAEN34WetX1KOXxSJ4sSRS1IOHghePFewHtCFstpt26WYTdyeREvpPvHhQxKv/xJv/xm2bg7Y+GHi8N8PMvCARXIPjfFsrq2vrG5ulrfL2zu7evn1w2NJxqihr0ljEqhMQzQSXrAkcBOskipEoEKwdjG6nfjtjSvNYPsA4YV5EBpKHnBIwkm/b0GOPKc/wOfiZqSffrjhVZwa8TNyCVFCBhm9/9foxTSMmgQqiddd1EvByooBTwSblXqpZQuiIDFjXUEkipr18dvkEnxqlj8NYmZKAZ+rviZxEWo+jwHRGBIZ60ZuK/3ndFMJrL+cySYFJOl8UpgJDjKcx4D5XjIIYG0Ko4uZWTIdEEQomrLIJwV18eZm0LqruZbV2X6vUb4o4SugYnaAz5KIrVEd3qIGaiKIMPaNX9Gbl1ov1bn3MW1esYuYI/YH1+QMkx5NV</latexit>

t → ↑tv ↑ tw
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<latexit sha1_base64="z7HdAa5BhK9FDhUR7cF4yQlXk60=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe4kqIVFwMYyARMDyRH2NnPJmt27Y3dPCEd+gY2FIrb+JDv/jZvkCk18MPB4b4aZeUEiuDau++0U1tY3NreK26Wd3b39g/LhUVvHqWLYYrGIVSegGgWPsGW4EdhJFFIZCHwIxrcz/+EJleZxdG8mCfqSDiMeckaNlZqyX664VXcOskq8nFQgR6Nf/uoNYpZKjAwTVOuu5ybGz6gynAmclnqpxoSyMR1i19KIStR+Nj90Ss6sMiBhrGxFhszV3xMZlVpPZGA7JTUjvezNxP+8bmrCaz/jUZIajNhiUZgKYmIy+5oMuEJmxMQSyhS3txI2oooyY7Mp2RC85ZdXSfui6l1Wa81apX6Tx1GEEziFc/DgCupwBw1oAQOEZ3iFN+fReXHenY9Fa8HJZ47hD5zPH9atjPQ=</latexit>m

Higher boost  t  excites intermediate states      with higher energy
<latexit sha1_base64="OBx+8LO3lurHGTPY60awjbD3/jY=">AAAB8XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E1MIiYGNnBPOByRH2NnPJkr29Y3dPCEf+hY2FIrb+Gzv/jZvkCk18MPB4b4aZeUEiuDau++0UVlbX1jeKm6Wt7Z3dvfL+QVPHqWLYYLGIVTugGgWX2DDcCGwnCmkUCGwFo5up33pCpXksH8w4QT+iA8lDzqix0mPWZVSQu0lP98oVt+rOQJaJl5MK5Kj3yl/dfszSCKVhgmrd8dzE+BlVhjOBk1I31ZhQNqID7FgqaYTaz2YXT8iJVfokjJUtachM/T2R0UjrcRTYzoiaoV70puJ/Xic14ZWfcZmkBiWbLwpTQUxMpu+TPlfIjBhbQpni9lbChlRRZmxIJRuCt/jyMmmeVb2L6vn9eaV2ncdRhCM4hlPw4BJqcAt1aAADCc/wCm+Odl6cd+dj3lpw8plD+APn8wdF0pCm</latexit>

Os
<latexit sha1_base64="ww6zPP5UrBw5iq9o68nyo69Zb5Q=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1IOHgggeK9oPaEPZbCft0s0m7G6EEvoTvHhQxKu/yJv/xm2bg7Y+GHi8N8PMvCARXBvX/XYKK6tr6xvFzdLW9s7uXnn/oKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0c3Ubz2h0jyWj2acoB/RgeQhZ9RY6eG2p3vlilt1ZyDLxMtJBXLUe+Wvbj9maYTSMEG17nhuYvyMKsOZwEmpm2pMKBvRAXYslTRC7WezUyfkxCp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDKz7hMUoOSzReFqSAmJtO/SZ8rZEaMLaFMcXsrYUOqKDM2nZINwVt8eZk0z6reRfX8/rxSu87jKMIRHMMpeHAJNbiDOjSAwQCe4RXeHOG8OO/Ox7y14OQzh/AHzucPIyaNsg==</latexit>

Es

<latexit sha1_base64="YULqkY96YPNT1N6RuAyWd2RpzMc=">AAACDXicbVC7SgNBFJ2NrxhfUUubwShEkLArQS0sAjZ2RjAPyK5hdjJJhszsLjN3xbDsD9j4KzYWitja2/k3Th6FJh64cDjnXu69x48E12Db31ZmYXFpeSW7mltb39jcym/v1HUYK8pqNBShavpEM8EDVgMOgjUjxYj0BWv4g8uR37hnSvMwuIVhxDxJegHvckrASO38gQvsAZKqCv20lbiUCHydtvVdUpTHrk8Ulkep184X7JI9Bp4nzpQU0BTVdv7L7YQ0liwAKojWLceOwEuIAk4FS3NurFlE6ID0WMvQgEimvWT8TYoPjdLB3VCZCgCP1d8TCZFaD6VvOiWBvp71RuJ/XiuG7rmX8CCKgQV0sqgbCwwhHkWDO1wxCmJoCKGKm1sx7RNFKJgAcyYEZ/bleVI/KTmnpfJNuVC5mMaRRXtoHxWRg85QBV2hKqohih7RM3pFb9aT9WK9Wx+T1ow1ndlFf2B9/gA2q5ud</latexit>

Prob[O(m,m̄)
s ]



<latexit sha1_base64="WrKT3G9kAzvPEXLh+3w+cSj943w="></latexit>

=
∑

Os

C2
wvs →BWVOs |BWVOs↑︸ ︷︷ ︸

conformal blocks
<latexit sha1_base64="N3qgAMz0I4rOINMf9hRgfS6mmPc=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1iEClISKerCRcGNywr2AU0Ik+mkHTp5MDMR2lD8FTcuFHHrf7jzb5y2WWjrgQuHc+7l3nv8hDOpLOvbKKysrq1vFDdLW9s7u3vm/kFLxqkgtEliHouOjyXlLKJNxRSnnURQHPqctv3h7dRvP1IhWRw9qFFC3RD3IxYwgpWWPPMocwjmqDXxZGV87vhYoPGZZ5atqjUDWiZ2TsqQo+GZX04vJmlII0U4lrJrW4lyMywUI5xOSk4qaYLJEPdpV9MIh1S62ez6CTrVSg8FsdAVKTRTf09kOJRyFPq6M8RqIBe9qfif101VcO1mLEpSRSMyXxSkHKkYTaNAPSYoUXykCSaC6VsRGWCBidKBlXQI9uLLy6R1UbUvq7X7Wrl+k8dRhGM4gQrYcAV1uIMGNIHAGJ7hFd6MJ+PFeDc+5q0FI585hD8wPn8ALsSUZA==</latexit>

Vs(z, z̄)

<latexit sha1_base64="6qgq4YPV2/FwzaY+2GrGa4VowoY=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe4kqIVFwMYyARMDyRH2NnPJmr29Y3dPCEd+gY2FIrb+JDv/jZvkCk18MPB4b4aZeUEiuDau++0U1tY3NreK26Wd3b39g/LhUVvHqWLYYrGIVSegGgWX2DLcCOwkCmkUCHwIxrcz/+EJleaxvDeTBP2IDiUPOaPGSk2vX664VXcOskq8nFQgR6Nf/uoNYpZGKA0TVOuu5ybGz6gynAmclnqpxoSyMR1i11JJI9R+Nj90Ss6sMiBhrGxJQ+bq74mMRlpPosB2RtSM9LI3E//zuqkJr/2MyyQ1KNliUZgKYmIy+5oMuEJmxMQSyhS3txI2oooyY7Mp2RC85ZdXSfui6l1Wa81apX6Tx1GEEziFc/DgCupwBw1oAQOEZ3iFN+fReXHenY9Fa8HJZ47hD5zPH3u9jLg=</latexit>

1

How does the decomposition of 1 into s-channel conformal blocks change as 
a function of                         ? 

<latexit sha1_base64="q9WNdwkDXnadWj4oEAxVIMv+MvA=">AAAB+XicbVBNS8NAEN34WetX1KOXxSJ4sSRS1IOHghePFewHtCFstpt26WYTdyeREvpPvHhQxKv/xJv/xm2bg7Y+GHi8N8PMvCARXIPjfFsrq2vrG5ulrfL2zu7evn1w2NJxqihr0ljEqhMQzQSXrAkcBOskipEoEKwdjG6nfjtjSvNYPsA4YV5EBpKHnBIwkm/b0GOPKc/wOfiZqSffrjhVZwa8TNyCVFCBhm9/9foxTSMmgQqiddd1EvByooBTwSblXqpZQuiIDFjXUEkipr18dvkEnxqlj8NYmZKAZ+rviZxEWo+jwHRGBIZ60ZuK/3ndFMJrL+cySYFJOl8UpgJDjKcx4D5XjIIYG0Ko4uZWTIdEEQomrLIJwV18eZm0LqruZbV2X6vUb4o4SugYnaAz5KIrVEd3qIGaiKIMPaNX9Gbl1ov1bn3MW1esYuYI/YH1+QMkx5NV</latexit>

t → ↑tv ↑ tw
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0.00
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<latexit sha1_base64="z7HdAa5BhK9FDhUR7cF4yQlXk60=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe4kqIVFwMYyARMDyRH2NnPJmt27Y3dPCEd+gY2FIrb+JDv/jZvkCk18MPB4b4aZeUEiuDau++0U1tY3NreK26Wd3b39g/LhUVvHqWLYYrGIVSegGgWPsGW4EdhJFFIZCHwIxrcz/+EJleZxdG8mCfqSDiMeckaNlZqyX664VXcOskq8nFQgR6Nf/uoNYpZKjAwTVOuu5ybGz6gynAmclnqpxoSyMR1i19KIStR+Nj90Ss6sMiBhrGxFhszV3xMZlVpPZGA7JTUjvezNxP+8bmrCaz/jUZIajNhiUZgKYmIy+5oMuEJmxMQSyhS3txI2oooyY7Mp2RC85ZdXSfui6l1Wa81apX6Tx1GEEziFc/DgCupwBw1oAQOEZ3iFN+fReXHenY9Fa8HJZ47hD5zPH9atjPQ=</latexit>m

Higher boost  t  excites intermediate states      with higher energy
<latexit sha1_base64="OBx+8LO3lurHGTPY60awjbD3/jY=">AAAB8XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E1MIiYGNnBPOByRH2NnPJkr29Y3dPCEf+hY2FIrb+Gzv/jZvkCk18MPB4b4aZeUEiuDau++0UVlbX1jeKm6Wt7Z3dvfL+QVPHqWLYYLGIVTugGgWX2DDcCGwnCmkUCGwFo5up33pCpXksH8w4QT+iA8lDzqix0mPWZVSQu0lP98oVt+rOQJaJl5MK5Kj3yl/dfszSCKVhgmrd8dzE+BlVhjOBk1I31ZhQNqID7FgqaYTaz2YXT8iJVfokjJUtachM/T2R0UjrcRTYzoiaoV70puJ/Xic14ZWfcZmkBiWbLwpTQUxMpu+TPlfIjBhbQpni9lbChlRRZmxIJRuCt/jyMmmeVb2L6vn9eaV2ncdRhCM4hlPw4BJqcAt1aAADCc/wCm+Odl6cd+dj3lpw8plD+APn8wdF0pCm</latexit>

Os
<latexit sha1_base64="ww6zPP5UrBw5iq9o68nyo69Zb5Q=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1IOHgggeK9oPaEPZbCft0s0m7G6EEvoTvHhQxKu/yJv/xm2bg7Y+GHi8N8PMvCARXBvX/XYKK6tr6xvFzdLW9s7uXnn/oKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0c3Ubz2h0jyWj2acoB/RgeQhZ9RY6eG2p3vlilt1ZyDLxMtJBXLUe+Wvbj9maYTSMEG17nhuYvyMKsOZwEmpm2pMKBvRAXYslTRC7WezUyfkxCp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDKz7hMUoOSzReFqSAmJtO/SZ8rZEaMLaFMcXsrYUOqKDM2nZINwVt8eZk0z6reRfX8/rxSu87jKMIRHMMpeHAJNbiDOjSAwQCe4RXeHOG8OO/Ox7y14OQzh/AHzucPIyaNsg==</latexit>

Es

<latexit sha1_base64="YULqkY96YPNT1N6RuAyWd2RpzMc=">AAACDXicbVC7SgNBFJ2NrxhfUUubwShEkLArQS0sAjZ2RjAPyK5hdjJJhszsLjN3xbDsD9j4KzYWitja2/k3Th6FJh64cDjnXu69x48E12Db31ZmYXFpeSW7mltb39jcym/v1HUYK8pqNBShavpEM8EDVgMOgjUjxYj0BWv4g8uR37hnSvMwuIVhxDxJegHvckrASO38gQvsAZKqCv20lbiUCHydtvVdUpTHrk8Ulkep184X7JI9Bp4nzpQU0BTVdv7L7YQ0liwAKojWLceOwEuIAk4FS3NurFlE6ID0WMvQgEimvWT8TYoPjdLB3VCZCgCP1d8TCZFaD6VvOiWBvp71RuJ/XiuG7rmX8CCKgQV0sqgbCwwhHkWDO1wxCmJoCKGKm1sx7RNFKJgAcyYEZ/bleVI/KTmnpfJNuVC5mMaRRXtoHxWRg85QBV2hKqohih7RM3pFb9aT9WK9Wx+T1ow1ndlFf2B9/gA2q5ud</latexit>

Prob[O(m,m̄)
s ]



<latexit sha1_base64="WrKT3G9kAzvPEXLh+3w+cSj943w="></latexit>

=
∑

Os

C2
wvs →BWVOs |BWVOs↑︸ ︷︷ ︸

conformal blocks
<latexit sha1_base64="N3qgAMz0I4rOINMf9hRgfS6mmPc=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1iEClISKerCRcGNywr2AU0Ik+mkHTp5MDMR2lD8FTcuFHHrf7jzb5y2WWjrgQuHc+7l3nv8hDOpLOvbKKysrq1vFDdLW9s7u3vm/kFLxqkgtEliHouOjyXlLKJNxRSnnURQHPqctv3h7dRvP1IhWRw9qFFC3RD3IxYwgpWWPPMocwjmqDXxZGV87vhYoPGZZ5atqjUDWiZ2TsqQo+GZX04vJmlII0U4lrJrW4lyMywUI5xOSk4qaYLJEPdpV9MIh1S62ez6CTrVSg8FsdAVKTRTf09kOJRyFPq6M8RqIBe9qfif101VcO1mLEpSRSMyXxSkHKkYTaNAPSYoUXykCSaC6VsRGWCBidKBlXQI9uLLy6R1UbUvq7X7Wrl+k8dRhGM4gQrYcAV1uIMGNIHAGJ7hFd6MJ+PFeDc+5q0FI585hD8wPn8ALsSUZA==</latexit>

Vs(z, z̄)

<latexit sha1_base64="6qgq4YPV2/FwzaY+2GrGa4VowoY=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe4kqIVFwMYyARMDyRH2NnPJmr29Y3dPCEd+gY2FIrb+JDv/jZvkCk18MPB4b4aZeUEiuDau++0U1tY3NreK26Wd3b39g/LhUVvHqWLYYrGIVSegGgWX2DLcCOwkCmkUCHwIxrcz/+EJleaxvDeTBP2IDiUPOaPGSk2vX664VXcOskq8nFQgR6Nf/uoNYpZGKA0TVOuu5ybGz6gynAmclnqpxoSyMR1i11JJI9R+Nj90Ss6sMiBhrGxJQ+bq74mMRlpPosB2RtSM9LI3E//zuqkJr/2MyyQ1KNliUZgKYmIy+5oMuEJmxMQSyhS3txI2oooyY7Mp2RC85ZdXSfui6l1Wa81apX6Tx1GEEziFc/DgCupwBw1oAQOEZ3iFN+fReXHenY9Fa8HJZ47hD5zPH3u9jLg=</latexit>

1

How does the decomposition of 1 into s-channel conformal blocks change as 
a function of                         ? 

<latexit sha1_base64="q9WNdwkDXnadWj4oEAxVIMv+MvA=">AAAB+XicbVBNS8NAEN34WetX1KOXxSJ4sSRS1IOHghePFewHtCFstpt26WYTdyeREvpPvHhQxKv/xJv/xm2bg7Y+GHi8N8PMvCARXIPjfFsrq2vrG5ulrfL2zu7evn1w2NJxqihr0ljEqhMQzQSXrAkcBOskipEoEKwdjG6nfjtjSvNYPsA4YV5EBpKHnBIwkm/b0GOPKc/wOfiZqSffrjhVZwa8TNyCVFCBhm9/9foxTSMmgQqiddd1EvByooBTwSblXqpZQuiIDFjXUEkipr18dvkEnxqlj8NYmZKAZ+rviZxEWo+jwHRGBIZ60ZuK/3ndFMJrL+cySYFJOl8UpgJDjKcx4D5XjIIYG0Ko4uZWTIdEEQomrLIJwV18eZm0LqruZbV2X6vUb4o4SugYnaAz5KIrVEd3qIGaiKIMPaNX9Gbl1ov1bn3MW1esYuYI/YH1+QMkx5NV</latexit>

t → ↑tv ↑ tw
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<latexit sha1_base64="z7HdAa5BhK9FDhUR7cF4yQlXk60=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe4kqIVFwMYyARMDyRH2NnPJmt27Y3dPCEd+gY2FIrb+JDv/jZvkCk18MPB4b4aZeUEiuDau++0U1tY3NreK26Wd3b39g/LhUVvHqWLYYrGIVSegGgWPsGW4EdhJFFIZCHwIxrcz/+EJleZxdG8mCfqSDiMeckaNlZqyX664VXcOskq8nFQgR6Nf/uoNYpZKjAwTVOuu5ybGz6gynAmclnqpxoSyMR1i19KIStR+Nj90Ss6sMiBhrGxFhszV3xMZlVpPZGA7JTUjvezNxP+8bmrCaz/jUZIajNhiUZgKYmIy+5oMuEJmxMQSyhS3txI2oooyY7Mp2RC85ZdXSfui6l1Wa81apX6Tx1GEEziFc/DgCupwBw1oAQOEZ3iFN+fReXHenY9Fa8HJZ47hD5zPH9atjPQ=</latexit>m

Higher boost  t  excites intermediate states      with higher energy
<latexit sha1_base64="OBx+8LO3lurHGTPY60awjbD3/jY=">AAAB8XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E1MIiYGNnBPOByRH2NnPJkr29Y3dPCEf+hY2FIrb+Gzv/jZvkCk18MPB4b4aZeUEiuDau++0UVlbX1jeKm6Wt7Z3dvfL+QVPHqWLYYLGIVTugGgWX2DDcCGwnCmkUCGwFo5up33pCpXksH8w4QT+iA8lDzqix0mPWZVSQu0lP98oVt+rOQJaJl5MK5Kj3yl/dfszSCKVhgmrd8dzE+BlVhjOBk1I31ZhQNqID7FgqaYTaz2YXT8iJVfokjJUtachM/T2R0UjrcRTYzoiaoV70puJ/Xic14ZWfcZmkBiWbLwpTQUxMpu+TPlfIjBhbQpni9lbChlRRZmxIJRuCt/jyMmmeVb2L6vn9eaV2ncdRhCM4hlPw4BJqcAt1aAADCc/wCm+Odl6cd+dj3lpw8plD+APn8wdF0pCm</latexit>

Os
<latexit sha1_base64="ww6zPP5UrBw5iq9o68nyo69Zb5Q=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1IOHgggeK9oPaEPZbCft0s0m7G6EEvoTvHhQxKu/yJv/xm2bg7Y+GHi8N8PMvCARXBvX/XYKK6tr6xvFzdLW9s7uXnn/oKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0c3Ubz2h0jyWj2acoB/RgeQhZ9RY6eG2p3vlilt1ZyDLxMtJBXLUe+Wvbj9maYTSMEG17nhuYvyMKsOZwEmpm2pMKBvRAXYslTRC7WezUyfkxCp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDKz7hMUoOSzReFqSAmJtO/SZ8rZEaMLaFMcXsrYUOqKDM2nZINwVt8eZk0z6reRfX8/rxSu87jKMIRHMMpeHAJNbiDOjSAwQCe4RXeHOG8OO/Ox7y14OQzh/AHzucPIyaNsg==</latexit>

Es

<latexit sha1_base64="YULqkY96YPNT1N6RuAyWd2RpzMc=">AAACDXicbVC7SgNBFJ2NrxhfUUubwShEkLArQS0sAjZ2RjAPyK5hdjJJhszsLjN3xbDsD9j4KzYWitja2/k3Th6FJh64cDjnXu69x48E12Db31ZmYXFpeSW7mltb39jcym/v1HUYK8pqNBShavpEM8EDVgMOgjUjxYj0BWv4g8uR37hnSvMwuIVhxDxJegHvckrASO38gQvsAZKqCv20lbiUCHydtvVdUpTHrk8Ulkep184X7JI9Bp4nzpQU0BTVdv7L7YQ0liwAKojWLceOwEuIAk4FS3NurFlE6ID0WMvQgEimvWT8TYoPjdLB3VCZCgCP1d8TCZFaD6VvOiWBvp71RuJ/XiuG7rmX8CCKgQV0sqgbCwwhHkWDO1wxCmJoCKGKm1sx7RNFKJgAcyYEZ/bleVI/KTmnpfJNuVC5mMaRRXtoHxWRg85QBV2hKqohih7RM3pFb9aT9WK9Wx+T1ow1ndlFf2B9/gA2q5ud</latexit>

Prob[O(m,m̄)
s ]



<latexit sha1_base64="WrKT3G9kAzvPEXLh+3w+cSj943w="></latexit>

=
∑

Os

C2
wvs →BWVOs |BWVOs↑︸ ︷︷ ︸

conformal blocks
<latexit sha1_base64="N3qgAMz0I4rOINMf9hRgfS6mmPc=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1iEClISKerCRcGNywr2AU0Ik+mkHTp5MDMR2lD8FTcuFHHrf7jzb5y2WWjrgQuHc+7l3nv8hDOpLOvbKKysrq1vFDdLW9s7u3vm/kFLxqkgtEliHouOjyXlLKJNxRSnnURQHPqctv3h7dRvP1IhWRw9qFFC3RD3IxYwgpWWPPMocwjmqDXxZGV87vhYoPGZZ5atqjUDWiZ2TsqQo+GZX04vJmlII0U4lrJrW4lyMywUI5xOSk4qaYLJEPdpV9MIh1S62ez6CTrVSg8FsdAVKTRTf09kOJRyFPq6M8RqIBe9qfif101VcO1mLEpSRSMyXxSkHKkYTaNAPSYoUXykCSaC6VsRGWCBidKBlXQI9uLLy6R1UbUvq7X7Wrl+k8dRhGM4gQrYcAV1uIMGNIHAGJ7hFd6MJ+PFeDc+5q0FI585hD8wPn8ALsSUZA==</latexit>

Vs(z, z̄)

<latexit sha1_base64="6qgq4YPV2/FwzaY+2GrGa4VowoY=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe4kqIVFwMYyARMDyRH2NnPJmr29Y3dPCEd+gY2FIrb+JDv/jZvkCk18MPB4b4aZeUEiuDau++0U1tY3NreK26Wd3b39g/LhUVvHqWLYYrGIVSegGgWX2DLcCOwkCmkUCHwIxrcz/+EJleaxvDeTBP2IDiUPOaPGSk2vX664VXcOskq8nFQgR6Nf/uoNYpZGKA0TVOuu5ybGz6gynAmclnqpxoSyMR1i11JJI9R+Nj90Ss6sMiBhrGxJQ+bq74mMRlpPosB2RtSM9LI3E//zuqkJr/2MyyQ1KNliUZgKYmIy+5oMuEJmxMQSyhS3txI2oooyY7Mp2RC85ZdXSfui6l1Wa81apX6Tx1GEEziFc/DgCupwBw1oAQOEZ3iFN+fReXHenY9Fa8HJZ47hD5zPH3u9jLg=</latexit>

1

How does the decomposition of 1 into s-channel conformal blocks change as 
a function of                         ? 

<latexit sha1_base64="q9WNdwkDXnadWj4oEAxVIMv+MvA=">AAAB+XicbVBNS8NAEN34WetX1KOXxSJ4sSRS1IOHghePFewHtCFstpt26WYTdyeREvpPvHhQxKv/xJv/xm2bg7Y+GHi8N8PMvCARXIPjfFsrq2vrG5ulrfL2zu7evn1w2NJxqihr0ljEqhMQzQSXrAkcBOskipEoEKwdjG6nfjtjSvNYPsA4YV5EBpKHnBIwkm/b0GOPKc/wOfiZqSffrjhVZwa8TNyCVFCBhm9/9foxTSMmgQqiddd1EvByooBTwSblXqpZQuiIDFjXUEkipr18dvkEnxqlj8NYmZKAZ+rviZxEWo+jwHRGBIZ60ZuK/3ndFMJrL+cySYFJOl8UpgJDjKcx4D5XjIIYG0Ko4uZWTIdEEQomrLIJwV18eZm0LqruZbV2X6vUb4o4SugYnaAz5KIrVEd3qIGaiKIMPaNX9Gbl1ov1bn3MW1esYuYI/YH1+QMkx5NV</latexit>

t → ↑tv ↑ tw

<latexit sha1_base64="7fZfArypiDv/7iJ/LZFtvT/8bk8=">AAACEHicbVBNS8NAEN3Ur1q/oh69LBbRg5REinpQKIjgsYL9gCaUzXbbLt1Nwu5ELKE/wYt/xYsHRbx69Oa/cdP2oK0PBh7vzTAzL4gF1+A431ZuYXFpeSW/Wlhb39jcsrd36jpKFGU1GolINQOimeAhqwEHwZqxYkQGgjWCwVXmN+6Z0jwK72AYM1+SXsi7nBIwUts+9CSBfhCk16OW9C89nci2xBJ7xx6wB0irKgoyp20XnZIzBp4n7pQU0RTVtv3ldSKaSBYCFUTrluvE4KdEAaeCjQpeollM6ID0WMvQkEim/XT80AgfGKWDu5EyFQIeq78nUiK1HsrAdGbn61kvE//zWgl0z/2Uh3ECLKSTRd1EYIhwlg7ucMUoiKEhhCpubsW0TxShYDIsmBDc2ZfnSf2k5J6WyrflYuViGkce7aF9dIRcdIYq6AZVUQ1R9Iie0St6s56sF+vd+pi05qzpzC76A+vzB+VgnSA=</latexit>

E[m] =
∑

m

mProb[m]
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<latexit sha1_base64="MLBYp5pbXxPj2HhYVAbwZTeaJZQ=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe4kqIVFwMYyARMDyRH2NnvJmr29Y3dOCEd+gY2FIrb+JDv/jZvkCk18MPB4b4aZeUEihUHX/XYKa+sbm1vF7dLO7t7+QfnwqG3iVDPeYrGMdSeghkuheAsFSt5JNKdRIPlDML6d+Q9PXBsRq3ucJNyP6FCJUDCKVmpiv1xxq+4cZJV4OalAjka//NUbxCyNuEImqTFdz03Qz6hGwSSflnqp4QllYzrkXUsVjbjxs/mhU3JmlQEJY21LIZmrvycyGhkziQLbGVEcmWVvJv7ndVMMr/1MqCRFrthiUZhKgjGZfU0GQnOGcmIJZVrYWwkbUU0Z2mxKNgRv+eVV0r6oepfVWrNWqd/kcRThBE7hHDy4gjrcQQNawIDDM7zCm/PovDjvzseiteDkM8fwB87nD+FJjPs=</latexit>

t
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<latexit sha1_base64="z7HdAa5BhK9FDhUR7cF4yQlXk60=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe4kqIVFwMYyARMDyRH2NnPJmt27Y3dPCEd+gY2FIrb+JDv/jZvkCk18MPB4b4aZeUEiuDau++0U1tY3NreK26Wd3b39g/LhUVvHqWLYYrGIVSegGgWPsGW4EdhJFFIZCHwIxrcz/+EJleZxdG8mCfqSDiMeckaNlZqyX664VXcOskq8nFQgR6Nf/uoNYpZKjAwTVOuu5ybGz6gynAmclnqpxoSyMR1i19KIStR+Nj90Ss6sMiBhrGxFhszV3xMZlVpPZGA7JTUjvezNxP+8bmrCaz/jUZIajNhiUZgKYmIy+5oMuEJmxMQSyhS3txI2oooyY7Mp2RC85ZdXSfui6l1Wa81apX6Tx1GEEziFc/DgCupwBw1oAQOEZ3iFN+fReXHenY9Fa8HJZ47hD5zPH9atjPQ=</latexit>m

<latexit sha1_base64="YULqkY96YPNT1N6RuAyWd2RpzMc=">AAACDXicbVC7SgNBFJ2NrxhfUUubwShEkLArQS0sAjZ2RjAPyK5hdjJJhszsLjN3xbDsD9j4KzYWitja2/k3Th6FJh64cDjnXu69x48E12Db31ZmYXFpeSW7mltb39jcym/v1HUYK8pqNBShavpEM8EDVgMOgjUjxYj0BWv4g8uR37hnSvMwuIVhxDxJegHvckrASO38gQvsAZKqCv20lbiUCHydtvVdUpTHrk8Ulkep184X7JI9Bp4nzpQU0BTVdv7L7YQ0liwAKojWLceOwEuIAk4FS3NurFlE6ID0WMvQgEimvWT8TYoPjdLB3VCZCgCP1d8TCZFaD6VvOiWBvp71RuJ/XiuG7rmX8CCKgQV0sqgbCwwhHkWDO1wxCmJoCKGKm1sx7RNFKJgAcyYEZ/bleVI/KTmnpfJNuVC5mMaRRXtoHxWRg85QBV2hKqohih7RM3pFb9aT9WK9Wx+T1ow1ndlFf2B9/gA2q5ud</latexit>

Prob[O(m,m̄)
s ]

Mean value of m grows exponentially: <latexit sha1_base64="q9WNdwkDXnadWj4oEAxVIMv+MvA=">AAAB+XicbVBNS8NAEN34WetX1KOXxSJ4sSRS1IOHghePFewHtCFstpt26WYTdyeREvpPvHhQxKv/xJv/xm2bg7Y+GHi8N8PMvCARXIPjfFsrq2vrG5ulrfL2zu7evn1w2NJxqihr0ljEqhMQzQSXrAkcBOskipEoEKwdjG6nfjtjSvNYPsA4YV5EBpKHnBIwkm/b0GOPKc/wOfiZqSffrjhVZwa8TNyCVFCBhm9/9foxTSMmgQqiddd1EvByooBTwSblXqpZQuiIDFjXUEkipr18dvkEnxqlj8NYmZKAZ+rviZxEWo+jwHRGBIZ60ZuK/3ndFMJrL+cySYFJOl8UpgJDjKcx4D5XjIIYG0Ko4uZWTIdEEQomrLIJwV18eZm0LqruZbV2X6vUb4o4SugYnaAz5KIrVEd3qIGaiKIMPaNX9Gbl1ov1bn3MW1esYuYI/YH1+QMkx5NV</latexit>

t → ↑tv ↑ tw
<latexit sha1_base64="NJnXeuONhkIwr2Sk2CDDBsnFynU=">AAAB+HicbVDJSgNBEO1xjXHJqEcvjUHwYpiRoB48BLx4jGAWSIahp1NJmvQs9hITh3yJFw+KePVTvPk3dpI5aOKDgsd7VVTVCxLOpHKcb2tldW19YzO3ld/e2d0r2PsHdRlrQaFGYx6LZkAkcBZBTTHFoZkIIGHAoREMbqZ+YwhCsji6V+MEvJD0ItZllCgj+XYhaMODZkM88odnI//Rt4tOyZkBLxM3I0WUoerbX+1OTHUIkaKcSNlynUR5KRGKUQ6TfFtLSAgdkB60DI1ICNJLZ4dP8IlROrgbC1ORwjP190RKQinHYWA6Q6L6ctGbiv95La26V17KokQriOh8UVdzrGI8TQF3mACq+NgQQgUzt2LaJ4JQZbLKmxDcxZeXSf285F6UynflYuU6iyOHjtAxOkUuukQVdIuqqIYo0ugZvaI368l6sd6tj3nripXNHKI/sD5/AKcMkxQ=</latexit>

b → xv ↑ xw
<latexit sha1_base64="E39ewx0EKPOhDwSkwMY68LjpK7I="></latexit>

E[m̄] → e
t+b
2

<latexit sha1_base64="p6AGywZqy1Tg0Bt6W3RMwX41jW8="></latexit>

E[m] → e
t→b
2

Higher boost  t  excites intermediate states      with higher energy
<latexit sha1_base64="OBx+8LO3lurHGTPY60awjbD3/jY=">AAAB8XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E1MIiYGNnBPOByRH2NnPJkr29Y3dPCEf+hY2FIrb+Gzv/jZvkCk18MPB4b4aZeUEiuDau++0UVlbX1jeKm6Wt7Z3dvfL+QVPHqWLYYLGIVTugGgWX2DDcCGwnCmkUCGwFo5up33pCpXksH8w4QT+iA8lDzqix0mPWZVSQu0lP98oVt+rOQJaJl5MK5Kj3yl/dfszSCKVhgmrd8dzE+BlVhjOBk1I31ZhQNqID7FgqaYTaz2YXT8iJVfokjJUtachM/T2R0UjrcRTYzoiaoV70puJ/Xic14ZWfcZmkBiWbLwpTQUxMpu+TPlfIjBhbQpni9lbChlRRZmxIJRuCt/jyMmmeVb2L6vn9eaV2ncdRhCM4hlPw4BJqcAt1aAADCc/wCm+Odl6cd+dj3lpw8plD+APn8wdF0pCm</latexit>

Os
<latexit sha1_base64="ww6zPP5UrBw5iq9o68nyo69Zb5Q=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1IOHgggeK9oPaEPZbCft0s0m7G6EEvoTvHhQxKu/yJv/xm2bg7Y+GHi8N8PMvCARXBvX/XYKK6tr6xvFzdLW9s7uXnn/oKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0c3Ubz2h0jyWj2acoB/RgeQhZ9RY6eG2p3vlilt1ZyDLxMtJBXLUe+Wvbj9maYTSMEG17nhuYvyMKsOZwEmpm2pMKBvRAXYslTRC7WezUyfkxCp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDKz7hMUoOSzReFqSAmJtO/SZ8rZEaMLaFMcXsrYUOqKDM2nZINwVt8eZk0z6reRfX8/rxSu87jKMIRHMMpeHAJNbiDOjSAwQCe4RXeHOG8OO/Ox7y14OQzh/AHzucPIyaNsg==</latexit>

Es



<latexit sha1_base64="WrKT3G9kAzvPEXLh+3w+cSj943w="></latexit>

=
∑

Os

C2
wvs →BWVOs |BWVOs↑︸ ︷︷ ︸

conformal blocks
<latexit sha1_base64="N3qgAMz0I4rOINMf9hRgfS6mmPc=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1iEClISKerCRcGNywr2AU0Ik+mkHTp5MDMR2lD8FTcuFHHrf7jzb5y2WWjrgQuHc+7l3nv8hDOpLOvbKKysrq1vFDdLW9s7u3vm/kFLxqkgtEliHouOjyXlLKJNxRSnnURQHPqctv3h7dRvP1IhWRw9qFFC3RD3IxYwgpWWPPMocwjmqDXxZGV87vhYoPGZZ5atqjUDWiZ2TsqQo+GZX04vJmlII0U4lrJrW4lyMywUI5xOSk4qaYLJEPdpV9MIh1S62ez6CTrVSg8FsdAVKTRTf09kOJRyFPq6M8RqIBe9qfif101VcO1mLEpSRSMyXxSkHKkYTaNAPSYoUXykCSaC6VsRGWCBidKBlXQI9uLLy6R1UbUvq7X7Wrl+k8dRhGM4gQrYcAV1uIMGNIHAGJ7hFd6MJ+PFeDc+5q0FI585hD8wPn8ALsSUZA==</latexit>

Vs(z, z̄)

<latexit sha1_base64="6qgq4YPV2/FwzaY+2GrGa4VowoY=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe4kqIVFwMYyARMDyRH2NnPJmr29Y3dPCEd+gY2FIrb+JDv/jZvkCk18MPB4b4aZeUEiuDau++0U1tY3NreK26Wd3b39g/LhUVvHqWLYYrGIVSegGgWX2DLcCOwkCmkUCHwIxrcz/+EJleaxvDeTBP2IDiUPOaPGSk2vX664VXcOskq8nFQgR6Nf/uoNYpZGKA0TVOuu5ybGz6gynAmclnqpxoSyMR1i11JJI9R+Nj90Ss6sMiBhrGxJQ+bq74mMRlpPosB2RtSM9LI3E//zuqkJr/2MyyQ1KNliUZgKYmIy+5oMuEJmxMQSyhS3txI2oooyY7Mp2RC85ZdXSfui6l1Wa81apX6Tx1GEEziFc/DgCupwBw1oAQOEZ3iFN+fReXHenY9Fa8HJZ47hD5zPH3u9jLg=</latexit>

1

How does the decomposition of 1 into s-channel conformal blocks change as 
a function of                         ? 

<latexit sha1_base64="q9WNdwkDXnadWj4oEAxVIMv+MvA=">AAAB+XicbVBNS8NAEN34WetX1KOXxSJ4sSRS1IOHghePFewHtCFstpt26WYTdyeREvpPvHhQxKv/xJv/xm2bg7Y+GHi8N8PMvCARXIPjfFsrq2vrG5ulrfL2zu7evn1w2NJxqihr0ljEqhMQzQSXrAkcBOskipEoEKwdjG6nfjtjSvNYPsA4YV5EBpKHnBIwkm/b0GOPKc/wOfiZqSffrjhVZwa8TNyCVFCBhm9/9foxTSMmgQqiddd1EvByooBTwSblXqpZQuiIDFjXUEkipr18dvkEnxqlj8NYmZKAZ+rviZxEWo+jwHRGBIZ60ZuK/3ndFMJrL+cySYFJOl8UpgJDjKcx4D5XjIIYG0Ko4uZWTIdEEQomrLIJwV18eZm0LqruZbV2X6vUb4o4SugYnaAz5KIrVEd3qIGaiKIMPaNX9Gbl1ov1bn3MW1esYuYI/YH1+QMkx5NV</latexit>

t → ↑tv ↑ tw

Mean value of m grows exponentially: <latexit sha1_base64="q9WNdwkDXnadWj4oEAxVIMv+MvA=">AAAB+XicbVBNS8NAEN34WetX1KOXxSJ4sSRS1IOHghePFewHtCFstpt26WYTdyeREvpPvHhQxKv/xJv/xm2bg7Y+GHi8N8PMvCARXIPjfFsrq2vrG5ulrfL2zu7evn1w2NJxqihr0ljEqhMQzQSXrAkcBOskipEoEKwdjG6nfjtjSvNYPsA4YV5EBpKHnBIwkm/b0GOPKc/wOfiZqSffrjhVZwa8TNyCVFCBhm9/9foxTSMmgQqiddd1EvByooBTwSblXqpZQuiIDFjXUEkipr18dvkEnxqlj8NYmZKAZ+rviZxEWo+jwHRGBIZ60ZuK/3ndFMJrL+cySYFJOl8UpgJDjKcx4D5XjIIYG0Ko4uZWTIdEEQomrLIJwV18eZm0LqruZbV2X6vUb4o4SugYnaAz5KIrVEd3qIGaiKIMPaNX9Gbl1ov1bn3MW1esYuYI/YH1+QMkx5NV</latexit>

t → ↑tv ↑ tw
<latexit sha1_base64="NJnXeuONhkIwr2Sk2CDDBsnFynU=">AAAB+HicbVDJSgNBEO1xjXHJqEcvjUHwYpiRoB48BLx4jGAWSIahp1NJmvQs9hITh3yJFw+KePVTvPk3dpI5aOKDgsd7VVTVCxLOpHKcb2tldW19YzO3ld/e2d0r2PsHdRlrQaFGYx6LZkAkcBZBTTHFoZkIIGHAoREMbqZ+YwhCsji6V+MEvJD0ItZllCgj+XYhaMODZkM88odnI//Rt4tOyZkBLxM3I0WUoerbX+1OTHUIkaKcSNlynUR5KRGKUQ6TfFtLSAgdkB60DI1ICNJLZ4dP8IlROrgbC1ORwjP190RKQinHYWA6Q6L6ctGbiv95La26V17KokQriOh8UVdzrGI8TQF3mACq+NgQQgUzt2LaJ4JQZbLKmxDcxZeXSf285F6UynflYuU6iyOHjtAxOkUuukQVdIuqqIYo0ugZvaI368l6sd6tj3nripXNHKI/sD5/AKcMkxQ=</latexit>

b → xv ↑ xw
<latexit sha1_base64="E39ewx0EKPOhDwSkwMY68LjpK7I="></latexit>

E[m̄] → e
t+b
2

<latexit sha1_base64="p6AGywZqy1Tg0Bt6W3RMwX41jW8="></latexit>

E[m] → e
t→b
2

Quantum butterfly effect / operator growth!

Exponent =        [maximal chaos exponent]
<latexit sha1_base64="dMxz/c5H0Q9uHoG7a9EEtw09DDU="></latexit>

1
2→

—> Expected for these kind of observables
—> Previously seen in 6-point OTOCs and quantum circuit models

[FMH/Zhao] [FMH/Streicher/Zhao]

                           :  increasingly heavy & broad superpositions of 
<latexit sha1_base64="BOFnOxWC71YRigdGh+D3KxG3X3E=">AAACF3icbVA9SwNBEN3z2/h1ammzGIQIEu4kqIVFwMZOBZMIuRjmNptkye7dsTunhCP/wsa/YmOhiK12/hs3MYUmPhh4vDfDzLwwkcKg5305M7Nz8wuLS8u5ldW19Q13c6tq4lQzXmGxjPVNCIZLEfEKCpT8JtEcVCh5LeydDf3aHddGxNE19hPeUNCJRFswQCs13WKNBigUN7RKAy06XQSt43uaBQwkvRg0zW1WUAdBCJqq/UHTzXtFbwQ6TfwxyZMxLpvuZ9CKWap4hEyCMXXfS7CRgUbBJB/kgtTwBFgPOrxuaQT2lEY2+mtA96zSou1Y24qQjtTfExkoY/oqtJ0KsGsmvaH4n1dPsX3SyESUpMgj9rOonUqKMR2GRFtCc4aybwkwLeytlHVBA0MbZc6G4E++PE2qh0X/qFi6KuXLp+M4lsgO2SUF4pNjUibn5JJUCCMP5Im8kFfn0Xl23pz3n9YZZzyzTf7A+fgGlPqe7Q==</latexit>

W → V ↑ O
(m,m̄)
s

<latexit sha1_base64="TEXx2WqTgkCwxg6AAd/wi3lWTlE=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaLUEFKIkVduCi4cWcF+4Amhsl00g6dmYSZiVBCNv6KGxeKuPUz3Pk3Th8LbT1w4XDOvdx7T5gwqrTjfFuFpeWV1bXiemljc2t7x97da6k4lZg0ccxi2QmRIowK0tRUM9JJJEE8ZKQdDq/HfvuRSEVjca9HCfE56gsaUYy0kQL7IPMwYvA2D9RDVuGnXogk5Cd5YJedqjMBXCTujJTBDI3A/vJ6MU45ERozpFTXdRLtZ0hqihnJS16qSILwEPVJ11CBOFF+Nnkgh8dG6cEolqaEhhP190SGuFIjHppOjvRAzXtj8T+vm+ro0s+oSFJNBJ4uilIGdQzHacAelQRrNjIEYUnNrRAPkERYm8xKJgR3/uVF0jqruufV2l2tXL+axVEEh+AIVIALLkAd3IAGaAIMcvAMXsGb9WS9WO/Wx7S1YM1m9sEfWJ8/ie+Vtw==</latexit>

O
(m,m̄)
s

Higher boost  t  excites intermediate states      with higher energy
<latexit sha1_base64="OBx+8LO3lurHGTPY60awjbD3/jY=">AAAB8XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E1MIiYGNnBPOByRH2NnPJkr29Y3dPCEf+hY2FIrb+Gzv/jZvkCk18MPB4b4aZeUEiuDau++0UVlbX1jeKm6Wt7Z3dvfL+QVPHqWLYYLGIVTugGgWX2DDcCGwnCmkUCGwFo5up33pCpXksH8w4QT+iA8lDzqix0mPWZVSQu0lP98oVt+rOQJaJl5MK5Kj3yl/dfszSCKVhgmrd8dzE+BlVhjOBk1I31ZhQNqID7FgqaYTaz2YXT8iJVfokjJUtachM/T2R0UjrcRTYzoiaoV70puJ/Xic14ZWfcZmkBiWbLwpTQUxMpu+TPlfIjBhbQpni9lbChlRRZmxIJRuCt/jyMmmeVb2L6vn9eaV2ncdRhCM4hlPw4BJqcAt1aAADCc/wCm+Odl6cd+dj3lpw8plD+APn8wdF0pCm</latexit>

Os
<latexit sha1_base64="ww6zPP5UrBw5iq9o68nyo69Zb5Q=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1IOHgggeK9oPaEPZbCft0s0m7G6EEvoTvHhQxKu/yJv/xm2bg7Y+GHi8N8PMvCARXBvX/XYKK6tr6xvFzdLW9s7uXnn/oKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0c3Ubz2h0jyWj2acoB/RgeQhZ9RY6eG2p3vlilt1ZyDLxMtJBXLUe+Wvbj9maYTSMEG17nhuYvyMKsOZwEmpm2pMKBvRAXYslTRC7WezUyfkxCp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDKz7hMUoOSzReFqSAmJtO/SZ8rZEaMLaFMcXsrYUOqKDM2nZINwVt8eZk0z6reRfX8/rxSu87jKMIRHMMpeHAJNbiDOjSAwQCe4RXeHOG8OO/Ox7y14OQzh/AHzucPIyaNsg==</latexit>

Es



<latexit sha1_base64="WrKT3G9kAzvPEXLh+3w+cSj943w="></latexit>

=
∑

Os

C2
wvs →BWVOs |BWVOs↑︸ ︷︷ ︸

conformal blocks
<latexit sha1_base64="N3qgAMz0I4rOINMf9hRgfS6mmPc=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1iEClISKerCRcGNywr2AU0Ik+mkHTp5MDMR2lD8FTcuFHHrf7jzb5y2WWjrgQuHc+7l3nv8hDOpLOvbKKysrq1vFDdLW9s7u3vm/kFLxqkgtEliHouOjyXlLKJNxRSnnURQHPqctv3h7dRvP1IhWRw9qFFC3RD3IxYwgpWWPPMocwjmqDXxZGV87vhYoPGZZ5atqjUDWiZ2TsqQo+GZX04vJmlII0U4lrJrW4lyMywUI5xOSk4qaYLJEPdpV9MIh1S62ez6CTrVSg8FsdAVKTRTf09kOJRyFPq6M8RqIBe9qfif101VcO1mLEpSRSMyXxSkHKkYTaNAPSYoUXykCSaC6VsRGWCBidKBlXQI9uLLy6R1UbUvq7X7Wrl+k8dRhGM4gQrYcAV1uIMGNIHAGJ7hFd6MJ+PFeDc+5q0FI585hD8wPn8ALsSUZA==</latexit>

Vs(z, z̄)

<latexit sha1_base64="6qgq4YPV2/FwzaY+2GrGa4VowoY=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe4kqIVFwMYyARMDyRH2NnPJmr29Y3dPCEd+gY2FIrb+JDv/jZvkCk18MPB4b4aZeUEiuDau++0U1tY3NreK26Wd3b39g/LhUVvHqWLYYrGIVSegGgWX2DLcCOwkCmkUCHwIxrcz/+EJleaxvDeTBP2IDiUPOaPGSk2vX664VXcOskq8nFQgR6Nf/uoNYpZGKA0TVOuu5ybGz6gynAmclnqpxoSyMR1i11JJI9R+Nj90Ss6sMiBhrGxJQ+bq74mMRlpPosB2RtSM9LI3E//zuqkJr/2MyyQ1KNliUZgKYmIy+5oMuEJmxMQSyhS3txI2oooyY7Mp2RC85ZdXSfui6l1Wa81apX6Tx1GEEziFc/DgCupwBw1oAQOEZ3iFN+fReXHenY9Fa8HJZ47hD5zPH3u9jLg=</latexit>

1

How does the decomposition of 1 into s-channel conformal blocks change as 
a function of                         ? 

<latexit sha1_base64="q9WNdwkDXnadWj4oEAxVIMv+MvA=">AAAB+XicbVBNS8NAEN34WetX1KOXxSJ4sSRS1IOHghePFewHtCFstpt26WYTdyeREvpPvHhQxKv/xJv/xm2bg7Y+GHi8N8PMvCARXIPjfFsrq2vrG5ulrfL2zu7evn1w2NJxqihr0ljEqhMQzQSXrAkcBOskipEoEKwdjG6nfjtjSvNYPsA4YV5EBpKHnBIwkm/b0GOPKc/wOfiZqSffrjhVZwa8TNyCVFCBhm9/9foxTSMmgQqiddd1EvByooBTwSblXqpZQuiIDFjXUEkipr18dvkEnxqlj8NYmZKAZ+rviZxEWo+jwHRGBIZ60ZuK/3ndFMJrL+cySYFJOl8UpgJDjKcx4D5XjIIYG0Ko4uZWTIdEEQomrLIJwV18eZm0LqruZbV2X6vUb4o4SugYnaAz5KIrVEd3qIGaiKIMPaNX9Gbl1ov1bn3MW1esYuYI/YH1+QMkx5NV</latexit>

t → ↑tv ↑ tw

Mean value of m grows exponentially: <latexit sha1_base64="q9WNdwkDXnadWj4oEAxVIMv+MvA=">AAAB+XicbVBNS8NAEN34WetX1KOXxSJ4sSRS1IOHghePFewHtCFstpt26WYTdyeREvpPvHhQxKv/xJv/xm2bg7Y+GHi8N8PMvCARXIPjfFsrq2vrG5ulrfL2zu7evn1w2NJxqihr0ljEqhMQzQSXrAkcBOskipEoEKwdjG6nfjtjSvNYPsA4YV5EBpKHnBIwkm/b0GOPKc/wOfiZqSffrjhVZwa8TNyCVFCBhm9/9foxTSMmgQqiddd1EvByooBTwSblXqpZQuiIDFjXUEkipr18dvkEnxqlj8NYmZKAZ+rviZxEWo+jwHRGBIZ60ZuK/3ndFMJrL+cySYFJOl8UpgJDjKcx4D5XjIIYG0Ko4uZWTIdEEQomrLIJwV18eZm0LqruZbV2X6vUb4o4SugYnaAz5KIrVEd3qIGaiKIMPaNX9Gbl1ov1bn3MW1esYuYI/YH1+QMkx5NV</latexit>

t → ↑tv ↑ tw
<latexit sha1_base64="NJnXeuONhkIwr2Sk2CDDBsnFynU=">AAAB+HicbVDJSgNBEO1xjXHJqEcvjUHwYpiRoB48BLx4jGAWSIahp1NJmvQs9hITh3yJFw+KePVTvPk3dpI5aOKDgsd7VVTVCxLOpHKcb2tldW19YzO3ld/e2d0r2PsHdRlrQaFGYx6LZkAkcBZBTTHFoZkIIGHAoREMbqZ+YwhCsji6V+MEvJD0ItZllCgj+XYhaMODZkM88odnI//Rt4tOyZkBLxM3I0WUoerbX+1OTHUIkaKcSNlynUR5KRGKUQ6TfFtLSAgdkB60DI1ICNJLZ4dP8IlROrgbC1ORwjP190RKQinHYWA6Q6L6ctGbiv95La26V17KokQriOh8UVdzrGI8TQF3mACq+NgQQgUzt2LaJ4JQZbLKmxDcxZeXSf285F6UynflYuU6iyOHjtAxOkUuukQVdIuqqIYo0ugZvaI368l6sd6tj3nripXNHKI/sD5/AKcMkxQ=</latexit>

b → xv ↑ xw
<latexit sha1_base64="E39ewx0EKPOhDwSkwMY68LjpK7I="></latexit>

E[m̄] → e
t+b
2

<latexit sha1_base64="p6AGywZqy1Tg0Bt6W3RMwX41jW8="></latexit>

E[m] → e
t→b
2

Fusion into discretum of light states breaks down when: 
<latexit sha1_base64="bhCiHl391zt3ofv3QmYiqT1lGrw="></latexit>

E[m] → E[m̄] → c

24
<latexit sha1_base64="zqiKTBi/Ck3cgeuy17ClNHJSoZ0="></latexit>

→ t↑ |b| ↓ 2↔ log c ( 2 x “scrambling time” )

In AdS3/CFT2, this is the threshold  
for black hole formation

<latexit sha1_base64="ZFzk9KWmAc4Eoe3Bkg6ImyxgZ+I=">AAACE3icbVDLSgMxFM3UV62vUZdugkUQKcNMW9u6K7pxWcG2wnQomTRtQzMPkoxQhvkHN/6KGxeKuHXjzr8xnY6grRcCJ+ece3Nz3JBRIU3zS8utrK6tb+Q3C1vbO7t7+v5BRwQRx6SNAxbwOxcJwqhP2pJKRu5CTpDnMtJ1J1czvXtPuKCBfyunIXE8NPLpkGIkFdXXz+JeOsTmI9eJTaNcKZ/XGyXTqFWqF7VKyTLMtJJO0teLZnaDy+DHWARZtfr6Z28Q4MgjvsQMCWFbZiidGHFJMSNJoRcJEiI8QSNiK+gjjwgnTtdJ4IliBnAYcHV8CVP2d0eMPCGmnqucHpJjsajNyP80O5LDhhNTP4wk8fH8oWHEoAzgLCA4oJxgyaYKIMyp2hXiMeIISxVjQYVgLX55GXTKhlUzqjfVYvMyiyMPjsAxOAUWqIMmuAYt0AYYPIAn8AJetUftWXvT3ufWnJb1HII/pX18A3wbmhk=</latexit>

V
<latexit sha1_base64="LozqYKu4S1OaEXq/gLbnc20MLP4=">AAACE3icbZDLSsNAFIYnXmu9RV26CRZBRELSprdd0Y3LCvYCaSiT6aQdOrkwMxFKyDu48VXcuFDErRt3vo2TtAttPTDw8f/nzJz53YgSLgzjW1lb39jc2i7sFHf39g8O1aPjLg9jhnAHhTRkfRdyTEmAO4IIivsRw9B3Ke6505vM7z1gxkkY3ItZhB0fjgPiEQSFlIbqZTLIL7HZ2HUSQ282KrV69crQy81qvVHJwDJrlpX20qFaMnQjL20VzAWUwKLaQ/VrMApR7ONAIAo5t00jEk4CmSCI4rQ4iDmOIJrCMbYlBtDH3EnydVLtXCojzQuZPIHQcvX3RAJ9zme+Kzt9KCZ82cvE/zw7Fl7DSUgQxQIHaP6QF1NNhFoWkDYiDCNBZxIgYkTuqqEJZBAJGWNRhmAuf3kVumXdrOnWnVVqXS/iKIBTcAYugAnqoAVuQRt0AAKP4Bm8gjflSXlR3pWPeeuaspg5AX9K+fwBstaaPA==</latexit>

W

Shockwave collision creates black hole 
with mass                            and spin

<latexit sha1_base64="I2LmYS8BSLxFdslWpIw3kF7Bfjw=">AAACIXicbVDLSgMxFM34rPVVdekmWARBLDOlaBcKBRHcCBVsFTpDSdJMDU0yQ5IRyjC/4sZfceNCke7EnzHTzsLXgcDhnHu5OQfHnGnjuh/O3PzC4tJyaaW8ura+sVnZ2u7qKFGEdkjEI3WHkaacSdoxzHB6FyuKBOb0Fo/Oc//2gSrNInljxjENBBpKFjKCjJX6lebVmS+Qucc4vch8zIY934QKkVQc+hgpKLK0nsHcCI4Kh2SpV8/6lapbc6eAf4lXkCoo0O5XJv4gIomg0hCOtO55bmyCFCnDCKdZ2U80jREZoSHtWSqRoDpIpwkzuG+VAQwjZZ80cKp+30iR0HossJ3M0+jfXi7+5/USEzaDlMk4MVSS2aEw4dBEMK8LDpiixPCxJYgoZv8KyT2yNRhbatmW4P2O/Jd06zXvuNa4blRbp0UdJbAL9sAB8MAJaIFL0AYdQMAjeAav4M15cl6cd2cyG51zip0d8APO5xfnJaP2</latexit>

M = E
[
m+m̄

2

]
→ c

12

<latexit sha1_base64="xhprHs23B8GN9YssknDkk/j6n7c=">AAAB/3icbVDLSgMxFM3UV62vUcGNm2AR3FhmpKgLhYII4qqCfcDMUDJppg1NMkOSEcrYhb/ixoUibv0Nd/6NmbYLbT0QOJxzL/fkhAmjSjvOt1VYWFxaXimultbWNza37O2dpopTiUkDxyyW7RApwqggDU01I+1EEsRDRlrh4Cr3Ww9EKhqLez1MSMBRT9CIYqSN1LH3bi99jnQ/DLPrkceP/RBJyIOOXXYqzhhwnrhTUgZT1Dv2l9+NccqJ0JghpTzXSXSQIakpZmRU8lNFEoQHqEc8QwXiRAXZOP8IHhqlC6NYmic0HKu/NzLElRry0EzmWdWsl4v/eV6qo/MgoyJJNRF4cihKGdQxzMuAXSoJ1mxoCMKSmqwQ95FEWJvKSqYEd/bL86R5UnFPK9W7arl2Ma2jCPbBATgCLjgDNXAD6qABMHgEz+AVvFlP1ov1bn1MRgvWdGcX/IH1+QMkxpWI</latexit>

J = E[m→ m̄]
[Matschull]…[Chowdhury/FMH/Sanchez-Garrido/Zhao] [deBoer/Hollander/Rolph]

Higher boost  t  excites intermediate states      with higher energy
<latexit sha1_base64="OBx+8LO3lurHGTPY60awjbD3/jY=">AAAB8XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E1MIiYGNnBPOByRH2NnPJkr29Y3dPCEf+hY2FIrb+Gzv/jZvkCk18MPB4b4aZeUEiuDau++0UVlbX1jeKm6Wt7Z3dvfL+QVPHqWLYYLGIVTugGgWX2DDcCGwnCmkUCGwFo5up33pCpXksH8w4QT+iA8lDzqix0mPWZVSQu0lP98oVt+rOQJaJl5MK5Kj3yl/dfszSCKVhgmrd8dzE+BlVhjOBk1I31ZhQNqID7FgqaYTaz2YXT8iJVfokjJUtachM/T2R0UjrcRTYzoiaoV70puJ/Xic14ZWfcZmkBiWbLwpTQUxMpu+TPlfIjBhbQpni9lbChlRRZmxIJRuCt/jyMmmeVb2L6vn9eaV2ncdRhCM4hlPw4BJqcAt1aAADCc/wCm+Odl6cd+dj3lpw8plD+APn8wdF0pCm</latexit>

Os
<latexit sha1_base64="ww6zPP5UrBw5iq9o68nyo69Zb5Q=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1IOHgggeK9oPaEPZbCft0s0m7G6EEvoTvHhQxKu/yJv/xm2bg7Y+GHi8N8PMvCARXBvX/XYKK6tr6xvFzdLW9s7uXnn/oKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0c3Ubz2h0jyWj2acoB/RgeQhZ9RY6eG2p3vlilt1ZyDLxMtJBXLUe+Wvbj9maYTSMEG17nhuYvyMKsOZwEmpm2pMKBvRAXYslTRC7WezUyfkxCp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDKz7hMUoOSzReFqSAmJtO/SZ8rZEaMLaFMcXsrYUOqKDM2nZINwVt8eZk0z6reRfX8/rxSu87jKMIRHMMpeHAJNbiDOjSAwQCe4RXeHOG8OO/Ox7y14OQzh/AHzucPIyaNsg==</latexit>

Es



OPE decomposition depends on  
Qualitative change after (2x)  scrambling time 
New & precise notion of operator growth

Summary

‘Two-shockwave state’                                     
<latexit sha1_base64="zMWgMf6H3qsKEvgha3pD/HZCPuQ="></latexit>

|!WLVR→ = W (↑tw ↑ iω, xw)V (tv, xv)|0→
<latexit sha1_base64="LpRfDH86pD9Af6Q4Wpz5Fct7CAg=">AAAB+XicbVA9SwNBEN3zM8avU0ubxSDEJt6FoBYWARvLCOYDkhj2NnPJkt29Y3cvEI78ExsLRWz9J3b+GzfJFZr4YODx3gwz84KYM20879tZW9/Y3NrO7eR39/YPDt2j44aOEkWhTiMeqVZANHAmoW6Y4dCKFRARcGgGo7uZ3xyD0iySj2YSQ1eQgWQho8RYqee68JQWDe7EAgcXl+Up7rkFr+TNgVeJn5ECylDruV+dfkQTAdJQTrRu+15suilRhlEO03wn0RATOiIDaFsqiQDdTeeXT/G5Vfo4jJQtafBc/T2REqH1RAS2UxAz1MveTPzPaycmvOmmTMaJAUkXi8KEYxPhWQy4zxRQwyeWEKqYvRXTIVGEGhtW3obgL7+8Shrlkn9VqjxUCtXbLI4cOkVnqIh8dI2q6B7VUB1RNEbP6BW9Oanz4rw7H4vWNSebOUF/4Hz+AFlekio=</latexit>

e(t±b)/2

Holographic interpretation:  
black hole formation via shockwave collision

Outlook: mean-field theory of ‘heavy’ black hole states

The ‘EFT of quantum chaos’ is a powerful and useful paradigm

Outlook: develop for more general 
theories (e.g. CFTs) and incorporate into 
wider framework of quantum chaos

<latexit sha1_base64="OBx+8LO3lurHGTPY60awjbD3/jY=">AAAB8XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E1MIiYGNnBPOByRH2NnPJkr29Y3dPCEf+hY2FIrb+Gzv/jZvkCk18MPB4b4aZeUEiuDau++0UVlbX1jeKm6Wt7Z3dvfL+QVPHqWLYYLGIVTugGgWX2DDcCGwnCmkUCGwFo5up33pCpXksH8w4QT+iA8lDzqix0mPWZVSQu0lP98oVt+rOQJaJl5MK5Kj3yl/dfszSCKVhgmrd8dzE+BlVhjOBk1I31ZhQNqID7FgqaYTaz2YXT8iJVfokjJUtachM/T2R0UjrcRTYzoiaoV70puJ/Xic14ZWfcZmkBiWbLwpTQUxMpu+TPlfIjBhbQpni9lbChlRRZmxIJRuCt/jyMmmeVb2L6vn9eaV2ncdRhCM4hlPw4BJqcAt1aAADCc/wCm+Odl6cd+dj3lpw8plD+APn8wdF0pCm</latexit>

Os

<latexit sha1_base64="ZFzk9KWmAc4Eoe3Bkg6ImyxgZ+I=">AAACE3icbVDLSgMxFM3UV62vUZdugkUQKcNMW9u6K7pxWcG2wnQomTRtQzMPkoxQhvkHN/6KGxeKuHXjzr8xnY6grRcCJ+ece3Nz3JBRIU3zS8utrK6tb+Q3C1vbO7t7+v5BRwQRx6SNAxbwOxcJwqhP2pJKRu5CTpDnMtJ1J1czvXtPuKCBfyunIXE8NPLpkGIkFdXXz+JeOsTmI9eJTaNcKZ/XGyXTqFWqF7VKyTLMtJJO0teLZnaDy+DHWARZtfr6Z28Q4MgjvsQMCWFbZiidGHFJMSNJoRcJEiI8QSNiK+gjjwgnTtdJ4IliBnAYcHV8CVP2d0eMPCGmnqucHpJjsajNyP80O5LDhhNTP4wk8fH8oWHEoAzgLCA4oJxgyaYKIMyp2hXiMeIISxVjQYVgLX55GXTKhlUzqjfVYvMyiyMPjsAxOAUWqIMmuAYt0AYYPIAn8AJetUftWXvT3ufWnJb1HII/pX18A3wbmhk=</latexit>

V

<latexit sha1_base64="LozqYKu4S1OaEXq/gLbnc20MLP4=">AAACE3icbZDLSsNAFIYnXmu9RV26CRZBRELSprdd0Y3LCvYCaSiT6aQdOrkwMxFKyDu48VXcuFDErRt3vo2TtAttPTDw8f/nzJz53YgSLgzjW1lb39jc2i7sFHf39g8O1aPjLg9jhnAHhTRkfRdyTEmAO4IIivsRw9B3Ke6505vM7z1gxkkY3ItZhB0fjgPiEQSFlIbqZTLIL7HZ2HUSQ282KrV69crQy81qvVHJwDJrlpX20qFaMnQjL20VzAWUwKLaQ/VrMApR7ONAIAo5t00jEk4CmSCI4rQ4iDmOIJrCMbYlBtDH3EnydVLtXCojzQuZPIHQcvX3RAJ9zme+Kzt9KCZ82cvE/zw7Fl7DSUgQxQIHaP6QF1NNhFoWkDYiDCNBZxIgYkTuqqEJZBAJGWNRhmAuf3kVumXdrOnWnVVqXS/iKIBTcAYugAnqoAVuQRt0AAKP4Bm8gjflSXlR3pWPeeuaspg5AX9K+fwBstaaPA==</latexit>

W
<latexit sha1_base64="LozqYKu4S1OaEXq/gLbnc20MLP4=">AAACE3icbZDLSsNAFIYnXmu9RV26CRZBRELSprdd0Y3LCvYCaSiT6aQdOrkwMxFKyDu48VXcuFDErRt3vo2TtAttPTDw8f/nzJz53YgSLgzjW1lb39jc2i7sFHf39g8O1aPjLg9jhnAHhTRkfRdyTEmAO4IIivsRw9B3Ke6505vM7z1gxkkY3ItZhB0fjgPiEQSFlIbqZTLIL7HZ2HUSQ282KrV69crQy81qvVHJwDJrlpX20qFaMnQjL20VzAWUwKLaQ/VrMApR7ONAIAo5t00jEk4CmSCI4rQ4iDmOIJrCMbYlBtDH3EnydVLtXCojzQuZPIHQcvX3RAJ9zme+Kzt9KCZ82cvE/zw7Fl7DSUgQxQIHaP6QF1NNhFoWkDYiDCNBZxIgYkTuqqEJZBAJGWNRhmAuf3kVumXdrOnWnVVqXS/iKIBTcAYugAnqoAVuQRt0AAKP4Bm8gjflSXlR3pWPeeuaspg5AX9K+fwBstaaPA==</latexit>

W
<latexit sha1_base64="6/m2BiJLHhmApn81Ovo/aoah4vc=">AAAB+nicbVBNS8NAEJ3Ur1q/Uj16WSyCp5KIqAcPBS/erGA/oAlhs922S3eTsLtRSsxP8eJBEa/+Em/+G7dtDtr6YODx3gwz88KEM6Ud59sqrayurW+UNytb2zu7e3Z1v63iVBLaIjGPZTfEinIW0ZZmmtNuIikWIaedcHw99TsPVCoWR/d6klBf4GHEBoxgbaTArnoqFUGWeQRzdJsHKg/smlN3ZkDLxC1IDQo0A/vL68ckFTTShGOleq6TaD/DUjPCaV7xUkUTTMZ4SHuGRlhQ5Wez03N0bJQ+GsTSVKTRTP09kWGh1ESEplNgPVKL3lT8z+ulenDpZyxKUk0jMl80SDnSMZrmgPpMUqL5xBBMJDO3IjLCEhNt0qqYENzFl5dJ+7TuntfP7s5qjasijjIcwhGcgAsX0IAbaEILCDzCM7zCm/VkvVjv1se8tWQVMwfwB9bnD38RlCU=</latexit>∑

Os
<latexit sha1_base64="ZFzk9KWmAc4Eoe3Bkg6ImyxgZ+I=">AAACE3icbVDLSgMxFM3UV62vUZdugkUQKcNMW9u6K7pxWcG2wnQomTRtQzMPkoxQhvkHN/6KGxeKuHXjzr8xnY6grRcCJ+ece3Nz3JBRIU3zS8utrK6tb+Q3C1vbO7t7+v5BRwQRx6SNAxbwOxcJwqhP2pJKRu5CTpDnMtJ1J1czvXtPuKCBfyunIXE8NPLpkGIkFdXXz+JeOsTmI9eJTaNcKZ/XGyXTqFWqF7VKyTLMtJJO0teLZnaDy+DHWARZtfr6Z28Q4MgjvsQMCWFbZiidGHFJMSNJoRcJEiI8QSNiK+gjjwgnTtdJ4IliBnAYcHV8CVP2d0eMPCGmnqucHpJjsajNyP80O5LDhhNTP4wk8fH8oWHEoAzgLCA4oJxgyaYKIMyp2hXiMeIISxVjQYVgLX55GXTKhlUzqjfVYvMyiyMPjsAxOAUWqIMmuAYt0AYYPIAn8AJetUftWXvT3ufWnJb1HII/pX18A3wbmhk=</latexit>

V

<latexit sha1_base64="ZFzk9KWmAc4Eoe3Bkg6ImyxgZ+I=">AAACE3icbVDLSgMxFM3UV62vUZdugkUQKcNMW9u6K7pxWcG2wnQomTRtQzMPkoxQhvkHN/6KGxeKuHXjzr8xnY6grRcCJ+ece3Nz3JBRIU3zS8utrK6tb+Q3C1vbO7t7+v5BRwQRx6SNAxbwOxcJwqhP2pJKRu5CTpDnMtJ1J1czvXtPuKCBfyunIXE8NPLpkGIkFdXXz+JeOsTmI9eJTaNcKZ/XGyXTqFWqF7VKyTLMtJJO0teLZnaDy+DHWARZtfr6Z28Q4MgjvsQMCWFbZiidGHFJMSNJoRcJEiI8QSNiK+gjjwgnTtdJ4IliBnAYcHV8CVP2d0eMPCGmnqucHpJjsajNyP80O5LDhhNTP4wk8fH8oWHEoAzgLCA4oJxgyaYKIMyp2hXiMeIISxVjQYVgLX55GXTKhlUzqjfVYvMyiyMPjsAxOAUWqIMmuAYt0AYYPIAn8AJetUftWXvT3ufWnJb1HII/pX18A3wbmhk=</latexit>

V

<latexit sha1_base64="ZFzk9KWmAc4Eoe3Bkg6ImyxgZ+I=">AAACE3icbVDLSgMxFM3UV62vUZdugkUQKcNMW9u6K7pxWcG2wnQomTRtQzMPkoxQhvkHN/6KGxeKuHXjzr8xnY6grRcCJ+ece3Nz3JBRIU3zS8utrK6tb+Q3C1vbO7t7+v5BRwQRx6SNAxbwOxcJwqhP2pJKRu5CTpDnMtJ1J1czvXtPuKCBfyunIXE8NPLpkGIkFdXXz+JeOsTmI9eJTaNcKZ/XGyXTqFWqF7VKyTLMtJJO0teLZnaDy+DHWARZtfr6Z28Q4MgjvsQMCWFbZiidGHFJMSNJoRcJEiI8QSNiK+gjjwgnTtdJ4IliBnAYcHV8CVP2d0eMPCGmnqucHpJjsajNyP80O5LDhhNTP4wk8fH8oWHEoAzgLCA4oJxgyaYKIMyp2hXiMeIISxVjQYVgLX55GXTKhlUzqjfVYvMyiyMPjsAxOAUWqIMmuAYt0AYYPIAn8AJetUftWXvT3ufWnJb1HII/pX18A3wbmhk=</latexit>

V
<latexit sha1_base64="LozqYKu4S1OaEXq/gLbnc20MLP4=">AAACE3icbZDLSsNAFIYnXmu9RV26CRZBRELSprdd0Y3LCvYCaSiT6aQdOrkwMxFKyDu48VXcuFDErRt3vo2TtAttPTDw8f/nzJz53YgSLgzjW1lb39jc2i7sFHf39g8O1aPjLg9jhnAHhTRkfRdyTEmAO4IIivsRw9B3Ke6505vM7z1gxkkY3ItZhB0fjgPiEQSFlIbqZTLIL7HZ2HUSQ282KrV69crQy81qvVHJwDJrlpX20qFaMnQjL20VzAWUwKLaQ/VrMApR7ONAIAo5t00jEk4CmSCI4rQ4iDmOIJrCMbYlBtDH3EnydVLtXCojzQuZPIHQcvX3RAJ9zme+Kzt9KCZ82cvE/zw7Fl7DSUgQxQIHaP6QF1NNhFoWkDYiDCNBZxIgYkTuqqEJZBAJGWNRhmAuf3kVumXdrOnWnVVqXS/iKIBTcAYugAnqoAVuQRt0AAKP4Bm8gjflSXlR3pWPeeuaspg5AX9K+fwBstaaPA==</latexit>

W

<latexit sha1_base64="LozqYKu4S1OaEXq/gLbnc20MLP4=">AAACE3icbZDLSsNAFIYnXmu9RV26CRZBRELSprdd0Y3LCvYCaSiT6aQdOrkwMxFKyDu48VXcuFDErRt3vo2TtAttPTDw8f/nzJz53YgSLgzjW1lb39jc2i7sFHf39g8O1aPjLg9jhnAHhTRkfRdyTEmAO4IIivsRw9B3Ke6505vM7z1gxkkY3ItZhB0fjgPiEQSFlIbqZTLIL7HZ2HUSQ282KrV69crQy81qvVHJwDJrlpX20qFaMnQjL20VzAWUwKLaQ/VrMApR7ONAIAo5t00jEk4CmSCI4rQ4iDmOIJrCMbYlBtDH3EnydVLtXCojzQuZPIHQcvX3RAJ9zme+Kzt9KCZ82cvE/zw7Fl7DSUgQxQIHaP6QF1NNhFoWkDYiDCNBZxIgYkTuqqEJZBAJGWNRhmAuf3kVumXdrOnWnVVqXS/iKIBTcAYugAnqoAVuQRt0AAKP4Bm8gjflSXlR3pWPeeuaspg5AX9K+fwBstaaPA==</latexit>

W


